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PREFACE 

The  Engineering  Design  Handbook  Senes  of  the  Army  Matenel  (  ommand 
is  a  coordinated  series  of  handbooks  containing  basic  information  and 
fundamental  data  useful  in  the  design  and  development  of  Army  materiel 
and  systems.  The  handbooks  arc  authoritative  reference  books  of  practical 
information  and  quantitative  facts  helpful  in  the  design  and  development  of 
Army  materiel  so  that  it  will  meet  the  tactical  and  the  technical  needs  ol  the 
Armed  Forces, 

The  purpose  of  this  handbook  is  to  help  fill  the  need  for  comprehensive 
technical  documents  for  regulating  the  environmental  coniroi  of  mobile 
systems,  such  as  shelters,  vans,  and  trailers.  As  used  in  this  handbook, 
environmental  control  refers  to  the  regulation  of  the  temperature,  cleanli¬ 
ness.  and  purity  of  the  air  in  the  controlled  space  it  also  includes  regulation 
of  the  noise  and  vibration  generated  by  the  environmental  control 
equipment. 

Following  an  introductory  chapter  covering  the  different  aspects  of 
environmental  control  and  a  chapter  ott  types  of  installations,  most  of  the 
first  half  of  the  handbook  consists  of  chapters  which  describe  the  military  air 
conditioners  and  heaters,  and  the  criteria  for  selecting  them.  A  major  chapter 
offers  guides  or  the  installation  of  environmental  control  systems  Other 
chapters  discuss  methods  of  minimizing  heating  and  cooling  loads  and  she 
cooling  of  electronic  equipment,  which  represent  the  major  demand  for 
environmental  control  in  mobile  systems.  A  final  chapter  considers  collective 
protection  equipment  for  chemical  and  biological  contaminants. 

» 

Various  design  data  and  sample  design  calculation*  »~  ;ncl:jdc^  ;n 
appendixes. 

The  Handbooks  are  readily  available  to  all  elements  of  AMC.  including 
personnel  and  contractors  having  a  need  and/or  requirement.  The  Army 
Materiel  Command  policy  is  to  release  these  Engineering  Design  Handbooks 
to  other  DOD  activities  and  their  contractors  and  to  other  Government 
agencies  in  accordance  with  cuncnt  Army  Regulation  ■’0-3!.  dated  Q 
September  196f>  Procedures  for  acquiring  these  Handbooks  follow 

a.  Activities  within  AMC  and  other  DOD  agencies  imirt  direct  on  an 
official  form  from 

Commanding  Officer 
letterfccnny  Army  Depot 
ATTN  AMXL.F.-ATD 
Chambersburg.  Pennsylvania  PcQ! 


b  Contractors  who  have  Department  of  Defense  contracts  should  submit 
their  requests  through  their  contracting  officer  with  proper  justification  to 
the  address  listed  in  par  a. 

c.  Government  agencies  other  than  DOD  having  need  for  the  Handbooks 
may  submit  their  request  directly  to  the  address  listed  m  par  a  or  to 

Commanding  General 
t'.S.  Army  Materiel  Command 
ATTN  AMCAM-A8S 
Washington.  D.C.  20315 

d.  Industries  not  having  (kncrnment  contracts  (this  includes  colleges  and 
universities)  must  forward  their  requests  to 

Commanding  General 
U  S.  Army  Materiel  Command 
ATTN.  AMCRD-TV 
Washington.  D.C.  20315 

c.  All  foreign  requests  must  be  submitted  through  the  Washirpton.  D.C. 
Embassy  to: 

Assistant  Chief  of  Staff  for  intelligence 
ATTN:  Foreign  Liaison  Office 
Department  of  the  Army 
Washington.  D.C.  20310 

All  requests,  other  than  those  originating  within  DOD.  must  be  ac¬ 
companied  by  a  valid  justification. 

Comments  and  suggestions  on  this  handbook  arc  welcome  and  should  be 
addressed  to  Army  Resevch  Office -Durham.  Box  CM  Duke  Station. 
Durham.  North  Carolina  27"’06. 
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CHATTER  1 

TYPES  OF  ENVIRONMENTAL  CONTROL  REQUIREMENTS 


I  t  INTRODUCTION 

In  its  broadest  sense,  environmental  control 
entails  regulation  of  the  temperature,  pres¬ 
sure.  density,  cleanliness,  and  purity  of  the 
gas  in  the  controlled  space;  control  -if  the 
concentrations  of  its  components,  particularly 
water  vapor:  the  circulation  and  distribution 
of  the  gas:  and  also  the  control  of  noise  and 
vibration.  Environmental  control  also  involves 
provisions  for  detecting  pollutants  and  warn¬ 
ing  against  their  critics!  accumulations  which 
c"uid  cause  human  incapacitation  or  death. 

The  term  “air  conditioning”  covers  only 
the  process  of  treating  air  so  as  to  control 
smiu.'tan  jousJy  its  temperature,  mufliuKy,  *sd 
distribution  to  meet  the  requirements  of  the 
conditioned  space. 

As  used  in  this  handbook,  environmental 
control  has  two  major  purposes: 

(!)  To  provide  a  tolerable  habitat  wherein 
degradation  of  human  performance  is  minimal 
and  abo  to  enhance  survival  under  extreme 
conditions. 

(2)  To  provide  optimum  environmental 
conditions  for  materials  and  equipment  opera¬ 
tion. 

These  conditions  may  be  incompatible  in 
special  cases.  For  instance,  in  location;  where 
food  is  being  processed,  temperatures  near  the 
freezing  point  are  desirable  to  retard  spoilage 
while  a  room  temperature  above  60° F  is 
favorable  for  personnel.  In  cases  of  such 
mutually  conflicting  requirements  com¬ 
promises  must  be  sought,  however,  the  com¬ 
promise  must  be  in  favor  of  the  item  it  was 
designed  to  protect -in  this  case  food;  person¬ 
nel  can  wear  protective  clothing. 


Bcccusc  of  the  necessarily  high  equipment 
density  in  many  mobile  military  structures, 
the  space  -vailable  for  personnel  may  be  less 
that  what  is  considered  desirable  for  operator 
efficiency.  It  is,  therefore,  important  to  con¬ 
trol  the  environment  within  the  structure  to 
avoid  discomfort,  fatigue,  and  other  condi- 
tions  that  may  cause  degradation  of  human 
performance. 

Environmental  requirements  (temperature, 
ventilar.  *n.  noise)  for  military  applications 
are  sper.fied  in  the  standards  published  by  the 
U.S.  An  iy  Human  Engineering  Labors- 
.  units  >*  and  also  by  M1L-STD-I472afc.  The 
primary  specification  is  the  required  Effective 
Temperature  (ET).  This  parameter,  which  is 
defined  in  the  Glossary,  combines  the  effects 
of  temperature,  humidity,  and  air  movement 
on  human  thermal  sensation  into  a  single 
quantity.  In  accordance  with  current  military 
design  criteria  tor  environmentally  controlled 
spaces,  the  recomme.Tded  ET  value  is  81.3°F. 
and  the  maximum  allowable  value  is  85°F. 
(The  maximum  desired  dry-bulb  temperature 
is  90°  F.) 

The  effective  temperature  chart  in  Fig,  1-1 
relate;  ET  to  dry-bulb  and  wet-bulb  tempera¬ 
tures  and  air  velocity.  Fig.  1-2  illustrates  the 
results  of  studies  at  tiw  A5HRAE  Laboratory 
on  the  effect  of  environmental  conditions  on 
the  sensation  of  comfort. 

The  major  conditions  regulated  by  environ¬ 
mental  control  are  elaborated  briefly  in  the 
paragraphs  which  follow.  Several  design  aids, 
including  a  description  of  the  psychrometnc 
chart  which  is  commonly'  used  in  air-condi- 
tkming  practice,  are  given  in  the  appendices 
of  this  handbook. 
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Figure  1- 1.  Chert  for  Determining  Effective  Temperature  for  Normally  Clothed. 
Sedentary  indhrtdum.  copyrighted  by  ASHtrAc.  neprmteff  oy  permission 
from  ASHRAE  Guide  and  Dana  Boole  1967. 

1-2  TEMPERATURE  CONTROL 


The  most  common  form  of  environmental 
control  is  the  regulation  of  temperature. 
Usually,  a  thermostat  is  used  to  control  the 
addition  or  removal  of  hear  as  may  be 
required  to  raise  or  lower  the  temperature  of 
the  environment 

In  the  type  of  enclosures  considered  in  this 
handbook,  heat  is  usually  added  by  the  use  of 
electric  or  combustion  heaters,  and  heat  is 
removed  by  the  use  of  air  conditioners.  Most 
military  air  conditioners  are  in  the  form  of 
environmental  control  units  which  include 
electric  heating  elements,  so  that  they  can  be 
used  for  heating  as  well  as  for  cooling 
purposes.  (The  specifications  of  military  en- 
vironmt  <al  control  units  ate  given  m  Tabic 
3- 1 .  and  those  of  military  heaters  are  given  m 


Table  5-1.)  In  addition  to  the  use  of  electric 
combustion  heaters,  heating  is  sometimes 
achieved  by  circulation  of  a  fluid  connected 
to  a  thermal  reservoir  as.  for  example,  in  the 
circulation  of  engine  coolant  through  heaters 
used  in  personnel  compartments  of  some 
military  vehicles.  Limited  temperature  control 

Can  «9U  vC  KnitVco  tlV  ICniiSaikln  With 

outside  air.  this  is  feasible  when  the  tempera¬ 
ture  of  the  outside  air  is  k»w  enough  so  that 
the  required  temperature  in  the  enclosure  can 
l*c  obtained  wifh  a  tolerable  rate  of  ventila¬ 
tion. 

1-3  HUMIDtTY  CONTROL 

Humility  control  is  important  because  of 
its  effects  on  both  personnel  and  material. 
High  humidity  reduces  the  comfor*  «-d  peof*p 
3nd  causes  many  materials  to  corrode  and 
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t'The  comfort  distribution  curvet  show  that  the  maximum  percentage  of  people  tbovid  be 
comfortable  at  Tt  BT  in  summer  and  at  63  ET  m  muter  These  distribution  curves  are 
based  on  the  response  of  parsons  mrmdiateh  after  entering  a  conditioned  space.  The 
solid  him  (Hot.  3.  4.  5 l  and  6)  show  the  response  of  subjects  after  approximately  three 
hour  occupancy.  ft  appears  from  dm  chert  that  parsons  wiU  foal  Quite  warm  when 
exposed  to  en  environment  at  35  FT,  the  maximum  allowable  in  military  spwlications.! 


Figure  12.  Revmd  ASM  RAF  Comfort  Chart.  Copyrighted  by  ASH/tAi. 
Reprinted  by  permierion  from  ASHRAE  Guide  and  Dm  Book  1967. 
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decompose.  tow  humidity  may  cause  diffi¬ 
culties  in  using  certain  materials,  such  as 
paper  and  fabrics.  The  increase  of  static 
electricity  associated  with  low  humidity  may 
even  initiate  explosions  in  some  environ¬ 
ments. 

The  amount  of  moisture  in  an  enclosed 
atmosphere  depends  on  several  factors,  the 
moisture  content  of  outside  air  used  for 
ventilation,  the  amount  of  moisture  that  may 
be  added  or  removed  by  the  environmental 
control  equipment,  moisture  that  may  be 
added  or  removed  by  processes  carried  out  in 
the  enclosure,  and  on  moisture  derived  from 
human  respiration  and  perspiration.  When  air 
holds  the  maximum  possible  amount  of 
moisture  in  vapor  form  it  is  said  to  be 
saturated.  Relative  humidity  (RH)  refers  to 
the  actual  moisture  content  of  the  air,  ex¬ 
pressed  as  a  percentage  of  the  maximum 
amount  it  can  hold  at  a  given  temperature  and 
pressure.  The  dew  point  is  the  temperature  at 
which  air  with  a  given  moisture  con.  int 
becomes  saturated,  i.e.,  the  temperature  at 
which  its  RH  is  100  percent.  Fig.  1-2  should 
be  consulted  for  the  effect  of  relative  humidi¬ 
ty  on  the  comfort  of  personnel. 

The  controls  of  temperature  and  humidity 
are  intimately  related  because  the  saturation 
vapor  pressure  of  water  rises  with  increasing 
temperature.  Therefore,  when  the  tempera¬ 
ture  of  a  given  atmosphere  b  increased  with¬ 
out  the  addition  of  mobture,  the  relative 
humidity  decreases.  The  principal  means  of 
raising  relative  humidity  are  to  spray  the  air 
with  water  or  to  evaporate  water  into  it. 
Relative  humidity  can  be  lowered  by  chemical 
means,  though  this  is  not  an  economical 
method.  More  commonly,  relative  humidity  is 
lowered  by  decreasing  the  temperature  of  the 
air  to  be  dehumidified  to  the  dew  point  of  air 
having  a  mobture  content  such  that  mixture 
with  room  air  or.  in  extreme  cases,  subse¬ 
quent  heated  air  brings  the  processed  air  to 
the  desired  temperature  and  humidity 

Dehumidification  occurs  when  air  b  cooled 
in  an  air  conditioner  if  the  temperature  of  the 
humid  air  falls  below  the  dew  point,  causing 


some  of  the  water  vapor  to  condense.  When 
moist  air  passes  over  cooling  coils,  there  is 
sensible  cooling  of  both  the  (dry)  air  and  the 
water  vapor;  and  dehumidifkation  occurs 
when  the  temperature  of  the  mobt  air  falls 
below  the  dew  point.  Most  cooling  arils 
provide  simultaneously  both  sensible  cooling 
and  dehumidification.  In  such  a  system,  the 
amount  of  dehumidification  which  occurs  is 
dependent  on  the  sensible  cooling  load;  and  it 
may  not  necessarily  meet  the  humidity  re¬ 
quirement  of  the  enclosed  spaa;.  If  not 
enough  moisture  is  removed,  the  refrigeration 
system  may  have  to  be  combined  with  a 
soiptton  system,  or.  if  too  much  mobture  is 
removed,  a  humidifying  system  may  have  to 
be  added. 

Unlike  what  happens  when  moist  air  is 
cooled,  then  b  no  change  in  moisture  content 
when  moist  air  is  heated  -  though  generally 
the  relative  humidity  is  decreased. 

Printing  operations4  provide  an  example  of 
an  application  in  which  humidity  control  is 
important.  Adsorption  and  desorption  of 
moisture  can  cause  paper  stocks  to  stretch  or 
shrink;  and  when  these  occur  non-imiformly. 
the  paper  may  become  distorted.  The  en¬ 
hanced  development  of  static  electricity  in  an 
atmosphere  of  low  relative  humidity  may 
interfere  with  printing  operation;  on  the  other 
hand,  high  relative  humidity  can  present 
proper  ink  drying.  Depending  on  the  type  of 
printing  done  and  the  natural  environment  of 
the  printing  plant,  separate  control  of  humidi¬ 
ty  and  temperature  may  be  required. 

Computer  installations  are  another  example 
of  facilities  in  which  humidity  control  may  be 
important.  Lack  of  adequate  mobture  in  the 
atmosphere  can  interfere  with  the  reeling  of 
magnetic  t3pes  in  computer  machinery. 

14  VENTILATION 

The  purpose  of  ventilation  is  to  renew  part 
of  the  ab  in  the  controlled  space  to  replenish 
oxygen  and  to  dilute  pollutants  such  as  COj . 
obnoxious  fumes,  and  odors. 
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Ventilation  and  emulation  requirements 
for  military  applications  are  specified  by  llfcl. 
Standards,  l  or  communications  systems  and 
related  equipment,  for  example,  they  are 
given  as,J 

“I  Ventilation  facilities  should  provide  a 
minimum  supply  of  1000  ftJ  of  fresh 
air  per  person  per  hour 

“2  Air  circulation  around  the  operator 
should  be  less  than  100  ft  per  min  and 
velocities  less  than  65  ft  per  min  are 
desirable. 

"3.  Hot  or  cold  torccd-air  systems  should 
be  designed  so  that  the  hot  or  cold  air 
discharge  .s  not  directed  on  person¬ 
nel." 

Where  odors  and  fumes  must  be  diluted, 
the  needed  level  of  ventilation  can  be  con¬ 
siderably  higher  than  is  indicated  in  Item  1. 

When  the  temperature  of  t!.e  circulated 
outside  air  must  be  increased  or  decreased  to 
meet  temperature  requirements,  ventilation 
represents  an  additional  load  on  the  environ¬ 
mental  control  system.  In  cases  where  the 
heat  which  has  to  be  removed  from  a  space  is 
generated  inside  the  space  a  certain  amount 
of  air  cooling  can  be  achieved  by  ventilation 
with  outside  air  provided  it  is  not  too  hot  or 
humid. 

Recovery  of  recirculated  air.  as  by  charcoal 
nitration,  can  significantly  reduce  the  re¬ 
quired  outside  air  ventilation  rates,  producing 
substantial  cost  savings  particularly  in  sys¬ 
tems  requiring  large  amounts  of  outside  air 
Recovery  methods  are  discussed  in  Chapter 
12  of  Ref.  3  and  Chapter  65  of  Ret".  5.  The 
economic  aspect  is  treated  in  Chapter  80  of 
Ref.  4. 

t-S  CONTROL  OF  CONTAMINANTS  AND 
ODORS 

Air  contaminants  are  classified  by  thru 
physical  properties  as  dust,  fumes  and  srool  e. 
mists  and  fogs,  and  vapors  ami  g3scs  Cases 
produced  when  weapons  are  fired  which 


typically  contain  carbon  monoxide,  oxides  of 
nitrogen,  and  ammonia  are  one  source  of 
noxious  substances  encountered  in  military 
operations.  Another  source  is  the  exhaust 
products  of  engines ,b  The  maximum  allow¬ 
able  concentrations  of  these  gases  and  other 
pollutants  (vapors,  fumes,  dusts,  etc  i  can  be 
obtained  from  the  Threshold  Limit  Values 
published  by  the  American  Conference  of 
Government  Industrial  Hygienists  Maximum 
allowable  concentrations  of  carbon  monoxide 
are  given  in  I  able  B- 1 .  Appendix  B. 

The  removal  of  gases,  vapors,  odors,  and 
tine  mists  depends  very  much  on  their  nature 
and  concentration.  If  the  solubility  properties 
permit  it.  washing  or  scrubbing  is  indicated. 
Other  forms  of  removal  are  chemical  reaction, 
combustion,  and  adsorption  on  an  activated 
solid  substrate  such  as  silica  gel  and  activated 
carbon,  or  alumina.  Provision  is  usually  made 
for  the  reconstitution  of  adsorbent  materials, 
usually  b>  heating  Particulate  matter  with 
sizes  down  to  i  micron  in  diameter  such  as 
industrial  dusts,  pollen,  and  bacteria -- can  be 
effectively  removed  from  the  air  with  com¬ 
mon  air  filters.  (See  Ref.  3.  Ch  11,  Fig.  1  t 
Special  high  efficiency  filters  made  of  glass, 
or  glass-asbestos,  fibers- are  necessary  for 
smaller-sized  particulates*  CBR*  asr  filters 
u/'d  by  the  military  remove  99.97  percent  of 
particulate  matter  down  to  0.3  nucron  m 
diameter 

Activated  charcoal  is  effective  in  adsorbing 
many  organic  vapors  land  some  incrgxnsc 
gases)  present  tr.  low  concentrations.  In  addi¬ 
tion  to  removing  obnoxious  odors,  carbon 
filtering  is  also  effective  tn  removing  vapors 
injurious  to  health  The  latter  property  can  be 
enhanced  by  impregnating  the  carbon  with 
appropriate  chemicals  for  absorbing  the  ur.de- 
stred  vapor. 

The  mechanics  of  the  removal  of  radio¬ 
active  contaminant'  :s  essentially  identical  to 
the  removal  of  particulates  and  gases  Addi 
t tonal  problems,  how-even  are  posed  by  the 
accumulation  of  radioactivity  m  the  filter 
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material.  If  filters  are  used  with  electrical  or 
mechanical  equipment,  the  concentration  of 
radioactive  dust  may  create  a  health  hazard 
and,  thereby,  require  special  handling.  The 
frequent  filter  changes  thus  made  necessary, 
with  the  attendant  radiation  hazard  and 
disposal  prookm,  add  additional  burdens  on 
the  personnel  The  accumulation  of  radio¬ 
active  material  on  filters  can  be  alleviated  by 
the  use  of  inertial  dust  separators,  which  can 
eject  approximately  92  percent  of  the  particu¬ 
late  matter  before  the  air  is  passed  through  a 
filter. 

If  filters  are  used  to  remove  particulate 
matter,  their  effect  on  the  overall  environ¬ 
mental  control  system  must  be  evaluated.  For 
example,  the  pressure  drop  across  filters 
increases  the  required  fan  power;  also,  it  may 
be  necessary  to  remove  some  of  the  moisture 
added  in  air  scrubbing  or  washing  operations 
before  filtering. 

More  information  on  odor  sources  and 
their  removal  can  be  found  in  Chapter  12  of 
Ref.  3.  Chapter  65  of  Ref,  5.  and  Chapter  80 
of  Ref.  4. 

1-«  NOISE  AMO  VIBRATIONS 

Environmental  control  also  includes  effec¬ 
tive  means  of  dealing  with  noise  and  vibra¬ 
tions.  Noise  creates  discomfort  to  personnel 
and  may.  at  excessive  levels,  impair  their 
activities  or  even  their  health.  Vibrations 
affect  not  only  personnel  but  also  equipment, 
such  as  optical  equipment  and  delicate  me¬ 
chanical  apparatus.  Maximum  allowable  levels 


of  vibrations  for  equipment  are  specified  by 
the  US.  Armv  Human  Engineering  Labora¬ 
tories.  *bU.  (MIL-STD-8I0B.  Ref.  2a.  speci¬ 
fies  vibration  and  acoustical  noise  tests, 
among  others,  for  military  equipment  !  Refs. 
7  and  8  may  be  consulted  lor  guidance  in 
methods  of  noise  control 

There  are  essentially  fhret  sources  of  noise 
and  vibrations 

(1)  Sources  exterior  lo  the  controlled  area 

f2)  People  and  equipment  inside  the  con¬ 
trolled  area 

(3)  The  environmental  control  equipment 
itself. 

The  technical  literature  on  air  conditioning 
usually  concerns  itself  only  with  the  last  item 
Here,  the  chief  sources  of  noise  are  motors, 
compressors,  and  fans.  The  noise  enters  into 
the  space  to  be  controlled  vu  transmission 
through  walls  and  other  solid  structures,  and 
through  the  air  ducts.  Noises  from  motors  are 
effectively  combated  by  proper  anti-vibration 
mounting.  Sound  attentuation  m  ducts  results 
from  absorption  at  the  walls,  reflection  at 
openings,  and  reflection  3t  elbows.  Lining  the 
walls  of  the  ducts  with  absorbing  material 
further  increases  the  sound  attenuation. 

Maximum  noise  levels  specified  by  the 
Army  Materiel  Command  for  personnel- 
occupied  spaces  and  maximum  noise  levels  for 
various  grades  of  speech  intelligibility  are 
given  in  pars.  B-3  and  B-4.  Appendix  B. 
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CHAPTER  2 

TYPES  OF  INSTALLATIONS 


2-1  INTRODUCTION 

Environmental  control  units  may  be 
mounted  in  a  variety  of  ways,  the  choice 
depending  on  the  type  of  enclosure  being 
controlled,  the  type  of  environmental  control 
unit,  and  the  conditions  under  which  the 
system  is  operated.  Oic  aim  is  to  make 
efficient  use  of  space;  to  provide  for  com 
venient  maintenance  and  operation;  and  to 
meet  the  service  requirements,  including  limi¬ 
tations  on  noise  and  vibrutkm.  In  this  chapter, 
brief  descriptions  of  the  common  tynes  of 
installations  are  accompanied  by  figures  illus¬ 
trating  them. 

2-2  FLOOR 

If  space  is  available,  fioor  mounting  usually 
provides  the  simplest  type  of  installation, 
especially  for  the  larger  units,  since  it  elimi¬ 
nates  the  need  for  special  supporting  struc¬ 
tures.  3t  is  not  recommended  for  the  smaller 
air  conditioning  units  because,  unless  modi¬ 
fied.  the  air  outlet  and  controls  would  not  be 
conveniently  located,  and  the  units  inherently 
are  more  easily  wall  mounted.  For  heaters, 
however,  floor  mounting  is  appropriate  for 
the  smaller,  as  well  as  the  larger  units. 
Locating  warm  air  supplies  on  or  near  the 
floor  helps  to  preverfl  stratification  of  room 
air  (as  does  locating  cool  air  supplies  n car  the 
ceiling;.  Fig.  2-1  illustrates  three  floor- 
mounted  installations  of  a  small  heater,  and 
Fig.  2-2  illustrates  shelf-mounting  of  a  large 
heater. 

2-3  tft&LL 

Wall  mounting,  including  interior  and  ex- 
trh  .r.  is  the  most  common  type  of  mounting. 
Particularly  with  smaller  units,  it  permits 


more  efficient  use  of  available  spiv.  Provi- 
slum  for  au-condiiioner  mounting  hast  beer, 
made  m  some  van  and  shelter  designs.  Suit¬ 
able  frame  configurations  are  used,  ami  ribs 
at*,  designed  to  support  one  or  two  j»r 
conditioncrv.  in  some  cases,  knockout  panel' 
ire  provided  to  simplify  through-the-wall  in¬ 
stallation. 

The  simplest  wall  mounting  for  single- 
package  air  conditioning  units  is  provided 
when  the  unit  is  mounted  with  the  rear  of  the 
unit  outside  the  enclosure  and  he  front  of 
the  unit  inside  the  enclosure  Some  installa¬ 
tions.  however,  may  require  that  the  unit  be 
all  inride  or  all  outsidr  of  the  enclosure  !n 
such  cases,  ducts  are  needed  to  accomplish 
the  necessary  air  flow.  and.  where  cooling  is 
req  ’.red.  the  heat  of  compression  must  be 
exhausted  to  the  outside  atmosphere  I  he 
most  commoi  application  of  wall  mounting  is 
at  the  from  end  o.  an  enclosure,  usually  in 
the  upper  half  of  the  wali.  where  there  is  a 
minimum  of  interference  with  uperalions 
inside  the  enclosure  and  there  is  no  inter¬ 
ference  with  the  cab  of  the  vehicle  in  the  ca*. 
of  truck-mounted  shelters.  Side  wall  mourn 
«ng  is  not  desirable  if  the  u.iit  must  protrude 
through  the  wall.  Fig  2-3  illustrates  a  waii 
mounting  on  a  transportable  hut  in  which  the 
unit  protrudes  through  the  wall  when  in  use. 
but  can  be  withdrawn  into  a  recessed  position 
during  transit  when  the  unit  is  not  needed 

24  INTERIOR-EXTERIOR 

A  digh;  reduction  in  the  required  cooling 
capacity  and  Mower  power  of  an  conditioners 
can  be  achieved  by  mounting  the  condenser 
section  externally  and  the  evaporator  section 
in  the  wall  or.  better,  inside  of  the  controlled 
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(A)  Heater  installed  in 

portable  photographic 
dark  room  van  (tee 
an  owl 


IB)  Heater  installation  in 
mobile  ground  station 
construction  van 
t typical  installation) 


1C)  Heetat  metalled  in 
theitar  showing  ex 
haust  p  reuse  Ted  by 
perforated  grit! 


Figure  2 -  1.  Three  Floor-mounted  Installations  of  15.000  Btu/hr  Heater 
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figure  2-3.  9.000  Btu/hr  Air  Conditioner  Mounted  Through  Wall  ot  Air 
Transportable  Hut  (A  special  frame  allows  it  to  be  rolled 
into  recessed  position  during  transit./ 


space.  However,  the  prime  advantage  of  in¬ 
terior-exterior  mounting  is  greater  installation 
versatility  as  described  in  par.  2-4.2 

24.1  SINGLE-PACKAGE 

Refer  to  par.  2-3.  nig.  2-4  illustrates  this 
type  ef  installation  n  the  case  of  a  laboratory 
darkroom  var 


Figure  2~4.  9.000  Btu/hr  Air  Conditioner 
Mounted  Through  Van  Wall  With 
Half  Inside  and  Half  Outside  the  Van 


2-4.2  MULTI-PACKAGE 

Greater  installation  versatility  is  provided 
by  environmental  control  units  built  with 
separable  sections.  Some  units  have  separate 
condenser  and  evaporator  sections,  and  one 
(1S.GOO  Btu/hr)  unit  is  constructed  in  five 
sections  compressor,  condenser,  condenser 
fan.  evaporator,  and  evaporator  fan.  The 
sections  can  be  separated  and  placed  jn  many 
different  configurations,  making  the  unit 
compatible  with  a  variety  of  structures.  Fig. 
2-5  illustrates  different  tvoes  of  installation 
possible  with  units  having  separate  evaporator 
ami  condenser  sections.  Figs,  2-5  and  2-ri 
illustrate  some  of  the  installations  possible 
with  the  five-section  unit. 

A  multi-package  asr  conditioner  is  recom¬ 
mended  for  structures  where  large  mounting 
holes  would  weaken  the  wall.  When  the 
evaporator  -n.  ts  mounted  in  the  conditioned 
space  and  the  condenser  on  the  outside,  the 
only  wall  opening  required  is  a  2-  to  5-m. 
diameter  hole  for  passage  of  refrigerant  and 
clcctnc  lines 
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figure  2-6.  Mustmions  of  Three  Mounting 
Configurations  of  18.000  Btu/fv 
Multi-package  Air  Conditioner 


2-5  MULTIPLE-UNIT 

When  the  heating  or  cooling  load  is  sub¬ 
stantial,  2nd  especially  if  the  load  is  variable, 
it  may  be  advisable  to  use  two  or  more  units. 


each  carrying  a  fraction  «f  the  load.  An 
advantage  of  this  type  of  issUhation  is  that 
failure  of  one  uc:  does  not  disable  the  entire 
system;  as  long  as  at  least  one  unit  remains 
operable,  the  system  can  meet  a  portion  of 
the  bzL  A  comparable  single-unit  installation 
would  result  in  corapkte  ^u»4«>wr  ~  ,.**  oi 
failure.  Fes  applications  in  which  a  disruption 
in  fuB  service  is  intolerable,  a  multiple-unit 
installation  should  be  used  with  one  or  more 
units  as  standby  in  case  of  failure  of  an 
operating  unit  Multiple-unit  installations  may 
also  be  applied  to  systems  which  encounter 
large  variations  in  load  requirements  depend¬ 
ing  on  the  season,  geographical  location,  or 
operating  conditions. 

Occasionally,  special  considerations  indi¬ 
cate  the  use  of  a  multiple-unit  installation. 
For  example,  the  conventional  18.000  Blu.'hr 
environmental  control  unit  (Table  3-1). 
weighs  more  than  two  of  the  conventional 
9000  Btu/hr  units.  Therefore,  in  this  case  a 
two-unit  installation  would  nave  the  advan¬ 
tage  of  weighing  less  than  a  single-unit  instal¬ 
lation. 

To  avoid  excessive  power  surges  in  mul¬ 
tiple-unit  installations,  provision  should  be 
made  for  a  time  delay  between  the  starting  of 
individual  units. 

A  practical  example  of  a  twe-unit  applica¬ 
tion  to  a  shelter  is  given  in  Pef.  1.  the 
thermostat  of  one  asr  conditioner  was  set  at 
the  desired  temperature  level,  and  the  thermo¬ 
stat  of  the  second  unit  was  set  about  5°F 
above  the  desired  teinperature.  This  made  one 
unit  operate  full  time  while  the  second  unit 
cyded  on  only  under  extreme  conditions,  it.. 
when  the  temperature  was  too  high  for  the 
first  unit  to  handle  the  toed.  With  this 
arrangement  there  was  little  danger  that  both 
units  would  start  simultaneously,  causing  a 
large  power  drain  on  the  generator.  As  indi¬ 
cated  in  a  preceding  paragraph,  unless  there  is 
a  •  recial  arrangement  as  just  described,  multi- 
units  would  have  to  be  turned  on  in  sequence 
to  prevent  an  excessive  power  surge  when 
starting  the  system. 
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24  REMOTE  UN*T 

in  some  applications  it  may  be  advan¬ 
tageous  or  even  neemvy  to  mount  the 
environmental  control  unit  remote  from  the 
space  being  controlled.  Restore  mounting  is 
cikbus!  i*  the  ><rocture  is  not  strong  enough 
to  support  the  unit  as,  for  example,  in  the 
case  of  an  inflatable  shelter.  A  separately- 
iSeo  unit  stmphfks  transportation  and 
speeds  installation  for  field-erected  structures. 
Economies  are  realized  if  a  separately- 
mounted  unit  can  service  several  structures 
which  do  not  require  full-time  operation. 
Remote  mounting  also  makes  more  space 
avalabk  for  other  uses  within  the  controlled 
structure. 


Remote  environmental  control  units  may 
be  mounted  on  smatt  trailers  or  on  bwes  or 
skids.  Type  arrangements  are  shown  in  Figs. 
2-7  and  2-8.  Usuafiy,  flexible  ducts  are  used 
for  air  flow  between  the  environmental  con¬ 
trol  unit  and  the  emreotted  enclosure.  Re- 
mote-control  pends  connected  to  the  unit  by 
cable  permit  operation  to  be  controlled  from 
wit  his  the  enclosure.  Heat  transfer  through 
the  watts  of  the  ducts  increases  the  required 
heating  or  cooling  capacity  of  the  tout,  and 
friction  tomes  through  the  ducts  increase  the 
blower  power  required  for  a  given  flow  rate. 
To  minimire  both  effects,  the  ducts  should  be 
insulated,  and  they  should  be  kept  as  short 
and  as  straight  as  possible. 
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Figure  2-7.  Utmtratkm  ofSjOOC  Btu/f*  Ah  Conditioner  Mounted 
Outside  an  Inflatable  Shatter  Employing  flexible  Ducts  for  Air  flow 
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Figure  2-8.  View  of  60,000  Btu/hr 
Gasofine-engine-driven  Air  Conditioner 
With  Duct  Storage  Compartment 
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CHAPTER  3 

TYPES  OF  MILITARY  AIR  CONDITIONERS 


3-T  INTRODUCTION 

The  military  air  conditioner*  of  interest  tor 
application*  covered  by  this  handbook  have 
cooling  capacities  between  6000  and  60,000 
Btu/hr.  They  are  listed  in  Table  3-1  which 
gives  some  performance  and  physical  data  for 
military  environmental  control  units*.  More 
detailed  information  on  the  configuration  of 
these  units  can  be  obtained  from  Ref.  1  which 
has  drawing*  of  exterior  views  of  the  units. 
The  design  and  testing  of  some  of  the 
compact,  horizontal  units  are  discussed  in 
Refs.  2.  3.  and  4.  It  may  be  noted  that  ail  of 
the  compact  units  and  many  of  the  romen- 
ttonal  units  are  capable  of  heating  ~  by  means 
of  electric  heating  elements  in  addition  to 
cooling.  Environmental  control  units  intended 
for  future  development,  probably  after  1970, 
are  listed  in  Table  3-2. 

Wherever  possible,  the  standard  units  listed 
in  Table  3-1  should  be  used  in  designing 
air-conditioning  systems.  Units  of  6000, 
9000.  and  18.000  Btu/hr  cooling  capacity  arc 
those  used  most  often.  Lz~yz  loads  are 
usually  met  by  installing  multiples  of  these 
smaller  units.  Special  units  can  be  developed 
for  unusual  applications  only  if  sufficient  lead 
time  b  available.  Occasionally,  it  b  necessary' 
to  use  commercial  units  for  these  special 
applications. 

In  addition  to  the  Compact  Horizontal  and 
Compact  Vertical  families  of  environmental 
control  units,  which  are  Ibted  in  Tabic  3-1. 

TtrtuWml  Dm  at  dMnrtaWw  tntfcUai  fa*  mkt  A  at  Mix 
naitt,  MwrtiM  by  *w  Federal  Stock  Honbcv,  m e  mfcttr 
trw  HtMutnw,  VS.  Asm  M»Wt!>  Ewobam*  Com 
awt  St.  Uwfec  Wuwrt.  <*  US.  Atm  Mobttay  £<Ho- 
mM  twMKb  Dcvriopont  Ceo on.  Fort  Srtvocr. 
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Ref.  8  Ibts  the  umts  in  Table  3-2  lor  future 
development 

3-2  SINGLE-  AND  MULTI-PACKAGE  UNITS 

Environmental  control  units  arc  available  in 
both  single-  and  multi-package  configuration*. 
As  the  terms  unply.  the  single-package  emit* 
are  completely  self-contained  in  a  single  case 
and  the  multi-package  umts  are  separable  into 
two  or  more  components  which  can  be 
mounted  in  a  variety  of  configuration*  Ihc 
simpicst  multi-package  umts  arc  those  which 
liavc  separate  evaporator  and  condenser  sec¬ 
tions.  such  as  those  shown  in  Fig.  3- 1.  The 
two  sections  are  connected  by  electrical 
cables  and  flexible,  quick-disconncct .  pre- 
chargcd  refrigerant  lines.  A  more  complex 
multi-package  configuration,  shown  in  Fig. 
5-2,  has  five  separable  sections  in  addition 
to  the  condenser  and  evaporator,  the  con¬ 
denser  fan.  evaporator  fan.  and  compressor 
are  mounted  in  separable  sections.  Multi¬ 
package  umts  with  separable  sections  are  also 
discussed  in  par.  2-4. 

Single-package  units  have  the  advantage  of 
being  more  compact  and  lighter  than  multi- 
psekage  units  of  equal  capacity  and  com¬ 
parable  design.  As  illustrated  in  Figs.  2-5  and 

2- 6.  multi-package  units  have  the  advantage  of 
greater  installation  versatility  Other  advan- 
taircs  of  the  multi-package  configuration  in¬ 
clude  the  reduction  of  inventory  investment 
made  possible  by  the  fact  that  one  unit  tits 
many  applications  and  the  rapid  repair  attain¬ 
able  by  simple  replacement  of  defective  sec¬ 
tions 

3- 3  CONFIGURATION  (HORIZONTAL 

AND  VERTICAL) 

The  ava liability  of  air  conditioners  in  both 
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horizontal  and  vertical  confifuratiom  facili¬ 
tates  fitting  the  units  to  the  available  space. 
The  horizontal  configuration  is  suited  pri¬ 
marily  to  window  and  wall  mounting,  and  the 
vertical  configuration  is  suited  primarily  to 
floor  mounting.  Air  flow  paths  for  typical 
horizontal  and  vertical  single-package  units 
are  shown  in  Fig.  3-3. 

a 

TABLE  3-2 

FUTURE  ENVtRONMCMTAL 
CONTROL  UMTS 


( l )  Thermoelectric  Environmental  f antral 
Unit.  10  000  -  24,000  Btu/hr,  208- V.  3-phasc, 
60  and  lOO  Hz 


Figure  3-2.  18,000  Bru  'hr  Multi-package 
Air  Conditioner 


i 2)  Waste  Heat  Powered  Environmental  Con¬ 
trol  Cmt.  60.000  Btu/hr 

(3)  Mobile  Utility  Modules.  18.000;  36,000: 
60.000  Btu/hr  (Cooling) 

These  modules  will  provide  cooling, 
heating,  and  auxiliary  electric  power. 
They  will  provide  also  for  inclusion  of 
hot  water  heating  *?d  pressurized  air 
equipment  when  these  are  specifically 
required. 

(4)  Compact  Multiton  Air  Conditioner.  10-15 
ton  (120.000-180,000  Btu/hr),  208-V, 
3-phase,  60  Hz 


3-*  CONTINUOUS  AND  INTERMITTENT 
ORATION 

To  keep  the  environmental  conditions  in 
the  controlled  space  within  the  deshed  limits, 
operation  of  the  air-conditioning  equipment 
may  be  controlled  by  either  of  two  methods. 
One  method  involves  the  intermittent  opera¬ 
tion  of  a  component,  such  as  a  compressor  or 
a  fan,  so  that  refrigerant  flow  or  the  flow  of 
air  across  cooling  ~  Cm,  respectively,  a  turned 
on  or  off.  The  method  of  modulating  control 
involves  varying  the  rate  of  flow  of  refrigerant 


or  air.  while  maintaining  the  equipment  in 
continuous  operation.  Control  systems  tm ch¬ 
in*  intermittent  operation  are  simpler  and 
cheaper  than  modulating  systems  hut  in 
many  military  apportions,  the  power  surges” 
that  occur  when  motors  are  turned  on  or  off 
cannot  be  tolerated  ir.  other  equipment  shar¬ 
ing  the  same  power  supply.  In  such  cases  one 
must  select  units  provided  with  modulating 
control. 

One  method  of  modulating  control  used  m 
air  conditioners  is  automatic  cycling  of  refrig¬ 
erant  alternately  through  the  evaporator  .oil 
and  a  bypass,  depending  on  whether  or  not 
cooling  is  required.  This  achieves  control  of 
discharge  air  temperature  while  allowing  th< 
compressor,  condenser  and  evaporator  motors 
to  operate  continuously.  Another  method  of 
modulating  control  is  to  vary  the  rate  of  air 
flow  by  means  of  a  variable  speed  fan  or 
adjustable  dampers. 

Control  systems  having  continuous  fan 
operation,  with  intermittent  cooling,  involve  a 
humidity  effect  which  may  not  be  acceptable 
in  some  applications.  When  the  cooling  cods 
are  cycled  off.  the  continued  fan  operation 
causes  re-evaporation  of  water  from  the  cool¬ 
ing  coils  and  the  drain  pan.  resulting  m  higher 

*An»dtnc  powf!  (bifn  n  *J«*  dt*  si*d  m  fn  2  ' 
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.'■timidity  in  the  occupied  space.  Unless  the 
ii'-’he;  humidity  can  be  tolerated,  continuous 
:  n  ration  should  not  be  used. 

2  !>  EU  ctric-powerfd  and  gasoline- 

ENGINE-DRIVEN 

Musi  mi  itary  air  conditioners  are  designed 
lor  electrical  operation  when  connected  with 

.  power  aipply  indicated  in  Table  3-1  The 
military  air  conditioners  are  also  designed  to 
operate  tuMii  power  supplied  by  military 
generators.  When  system  power  is  limited  or 
the  application  requires  an  air  conditioner 
mounted  on  a  trailer  or  skid  mounted,  a 
r.(),0()U  Btu/hr  gasoline-engine-driven  unit  is 
available. 

At  the  present  time,  only  a  special, 
60,000-Btu/hr  air  conditioner  is  available  as  a 
gasoline-engine-driven  unit. 

3  6  SKID- AND  TRAILER-MOUNTED 

Air  conditioners  intended  for  exterior  in¬ 


stallation  can  be  mounted  on  skids  or  trailers, 
as  illustrated  in  Fig.  2-8.  These  portable 
mountings  lend  considerable  flexibility  to 
installation,  and  they  also  facilitate  the  han¬ 
dling  and  transportation  of  the  controlled  en¬ 
closures.  The  choice  between  skid  and  trailer 
mounting  depends  on  the  service  required. 
Skid-mounted  units  can  be  placed  directly  on 
the  ground,  but  it  is  preferable  to  provide  a 
base  to  prevent  trouble  due  to  snow,  rain 
water,  and  other  deleterious  conditions  on  the 
ground.  It  is  necessary  to  provide  for  the 
loading  and  unloading  of  skid-mounted  units 
onto  and  from  the  transporting  vehicle. 
Trailer-mounted  units  may  be  located 
wherever  room  is  available,  consistent  with 
power  and  ductwork  requirements;  and  they 
are  easily  relocated  when  necessary.  With 
trailer  mounting  it  is  usually  possible  to 
provide  space  on  the  trailer  for  auxiliary 
equipment  such  as  ductwork  and  collective- 
protection  filter  units.  Hauling  a  trailer- 
mounted  unit  over  long  distances,  especially 
over  rough  roads,  might  be  more  cumbersome 
than  hauling  a  skid-mounted  unit  in  a  truck. 
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CHAPTER  4 

FEATURES  OF  MILITARY  AIR  CONDITIONERS 


4-1  INTRODUCTION 

!  he  purpose  of  this  chapter  is  to  describe 
some  of  the  general  features  relating  to  the 
storage,  transportation,  installation,  opera¬ 
tion,  and  maintenance  of  military  air  condi¬ 
tioners, 

The  design  objectives  of  the  group  of 
compact  military  air  conditioners,  which  com¬ 
prises  most  of  the  military  family,  include 
minimum  size  and  weight,  standardization  of 
components,  minimum  power  requirements, 
and  maximum  reliability  and  maintainability. 
The  features  of  compact  conditioners  include 
rugged  construction;  capabilities  for  auto¬ 
matically  controlled  heating  ^s  well  as  cool¬ 
ing;  for  conditioned  air  delivery  against 
appreciable  back  pressure;  for  ventilation  with 
or  without  cooling  or  heating;  compatibility 
with  collective  protection  systems;  and  self- 
protection  against  abnormal  temperatures, 
pressures,  and  loads;  and  against  cutoff  of 
condenser  airflow.  The  hot-gas  bypass  type  of 
control  system  is  used  in  the  units  for  precise 
conditioning  without  cyclic  disturbance  of  its 
external  electric  power  supply  circuit. 

Par.  D-l,  Appendix  D,  taken  from  Ref.  I, 
specifies  the  general  technical  characteristics 
required  of  van-type  air  conditioners  designed 
for  military  use.  A  description  of  the  refrig¬ 
erant  circuit  with  a  hot-gas  bypass  control 
system  is  given  in  Par.  D-2,  Appendix  D. 

Althougn  the  air-conditioner  features  are 
amplified  in  this  chapter,  one  must  refer  to 
other  documents  for  more  detailed  informa¬ 
tion.  Some  pertinent  references  are: 

(  I )  Ref.  2  lists  the  family  of  air  condi¬ 


tioners  which  are  to  be  used  in  military 
applications  wherever  possible,  and  it  gives 
the  procedures  which  apply  when  special 
purpose  equipment  is  necessary.  General 
specifications  of  the  units  are  listed  in  Table 

3- 1;  information  on  the  featuies  of  military 
air  conditioners  can  be  obtained  from  the 
Military  Specifications  listed  there.  Additional 
information,  including  the  discussion  of  prob¬ 
lems  and  their  correction,  can  be  found  in 
development  and  testing  reports  and  operat¬ 
ing  manuals,  such  as  Refs.  1  and  3  through 
11. 

(2)  Ref.  12  describes  the  environmental 

conditions,  including  climatic  design  criteria, 
that  are  to  be  considered  in  the  design, 
development,  and  testing  of  materiel  by  the 
Department  of  the  Army.  Environmental  re¬ 
quirements  for  materiel  of  the  Mobility 
Equipment  Research  and  Development  Center 
(MERDC)  are  clarified  in  Ref.  13.  ^ 

(3)  Ref.  14  includes  specifications  of  some 
of  the  tests  used  for  determining  the  resis¬ 
tance  of  equipment  to  environments  peculiar 
to  military  operations  -  such  as  temperature, 
humidity,  fungus,  salt  fog.  and  vibration.  Ref. 
15  gives  the  MERDC  vibratior.  est  procedure 
for  air  conditioners. 

4- 2  SERVICE  VERSATILITY 
4-2.1  COOLING  CAPACITY 

The  full  rated  cooling  capacity  must  be 
delivered  at  ambient  temperatures  up  to 
120°F,  with  the  return  air  having  a  dry-bulb 
temperature  of  90° F  and  a  wet-bulb  temper¬ 
ature  of  75°F.  Usually,  as  shown  by  the 
example  in  Table  4-1,  the  sensible  cooling 
capacity  is  specified  as  a  percent  of  the  total 
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TABLE  4  1 

COOLING  CAPACITY  SPECIFICATION  FOR 
80.090  BTU/HR  VERTICAL,  COMPACT  AIK  CONDITIONER 


(From  MMitary  SeactfeamKi  MIL-A-525161MOI1 


Condi  bon 

Amteant 
Tampan  fart. 

5f 

Dry  0Wb 

Evaporator  A m  Mai 
Tamparitura.  "F 

Dry  Bufb  Wat  Burt: 

SmmMt  Coed  s’ll 
Capacity 

Farcar.  %  at  Tata! 

Nat  Caotiftf  Cijm 
city,  % 

Total  Nat 
Cod  mi* 
Capacity. 

Bt vftu 

A 

t20 

30 

75 

6 u 

60  000 

C 

95 

80 

87 

65 

60.000 

cooling  capacity 
return  conditions. 

tor  different 

ambient  and 

hcrent  to  the  .olleciive  protection  system  Jo 
be  compatible  with  collective  protection,  air- 
condit:  -e  units  mut*  have  the  foH.wmg 

character  oi.vs 

4-2.2  HEATlfiG  CAPABILITY 


< 1 )  There  must  be  negligible  4jf  leakage 

All  ol  the  compact  units  and  some  of  the  from  the  evaporator  when  under  pressure 

conventional  units  have  thermostatically  con¬ 
trolled  electrical  heating  capability  in  addition  (2)  Ise  ol  a  blow-through  evaporator  tan 

to  the  cooling  capability.  On  some  units,  an  and  a  pull-through  condenser  Ian  i»  required 

electrical  interlock  prevents  operation  of  the  to  help  present  leakage  Jroni  the  outside  to 

heaters  during  cooling.  the  conditioned  side  If  the  supple  dtM  i'om 

a  collective  protector  is  exposed  jo  the 
4-2.3  VENTILATION  outside  air.  it  must  be  pressurized  to  avoid 

rccoRtammation  of  the  supp!>  3ir 

When  cooling  or  dehumidifscation  are  not 
required,  ventilation  C3n  be  obt^  b> 

opening  the  fresh  air  mlet  damper  and  operat-  f  •*'  3n^  check  valves  are  required  in 

mg  the  evaporator  Ian  alone.  When  .oohng  is  sOwdensate  drams 

required,  fresh  air  can  be  introduced  as 
desired  by  adjusting  the  inlet  damper 

< 4i  Head  pressure  control  is  requited  |o 
permit  operation  on  cooling  in  low  ambient 
4-2.4  COLLECTIVE  PROTECTION  CO$4-  temperature  Cooling  may  be  required  ever 

PAUBJUTY  with  low  ambient  temperature  if  the  internal 

heat  generation  is  high  enough  Accordingly. 

For  installations  requiring  protection  she  head  pressure  <.ontre’  system  is  designed 

against  chemical,  biological,  and  radioactive  to  Hood  part  of  the  condenser  and  maintain 

contamination,  units  arc  provided  with  a  condenser  pressure  when  the  ambient  temper- 

separate  inlet  tor  connection  to  a  collective  ature  drops  so  low  that  the  pressure  differ ett- 

protector  filter  unit  An  auxiliary  evaporator  ttai  acfvrw  she  evaporator  expansion  valve 

air  blower  may  be  required  to  overcome  the  becomes  too  small  to  induce  the  flow  of 

static  pressure  loss  and  ductwork  losses  m-  refrigerant  needed  to  satisfy  the  load 
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4-2.5  CQMPATISMLITY  WITH  SENSITIVE 
ELECTRONIC  SYSTEMS 

Electromagnetic  radiation  emanating  ircrn 
electromechanical  equipment  can  interfere 
»iLh  :he  operation  of  sensitive  electromc 
equipment.  Such  interference  can  result,  for 
example,  from  the  current  surges  generated 
when  motors  start  and  stop.  Features  which 
reduce  such  interference  are 

( 1  i  Use  of  a  hot  jas  bypass  for  temper¬ 
ature  control  eliminates  the  stopping  and 
restarting  of  the  compressor  after  the  initial 
start,  thereby  preventing  current  surges.  This 
systei 1  is  described  in  Appendix  D-2. 

( 2?  Use  of  a  pressure  equalizing  valve  and 
electrical  control  of  the  starting  sequence  of 
fan  and  compressor  motors  minimizes  current 
surges  during  the  initial,  manually-actuated 
start. 

(3)  Use  of  radio-frequcncy-interference 
(RFl)  control  devices  such  as  main  power  line 
filter.  RF1  gasketing,  screening,  grounding, 
and  shielded  cable.* 

4-2.6  TOLERANCE  Or  VARIATIONS  IN 
THE  POWcR  SUPPLY 

Air-conditioning  units  are  designed  to 
operate  under  more  than  normal  variation  of 
the  voltage  and  frequency  of  the  power 
supply.  Typical  requirements  call  for  60  cps 
units  to  operate  on  50  cps  power  sources,  at 
rated  voltage,  and  at  not  less  than  70  percent 
of  the  rated  capacity.  Satisfactory  operation 
typically  is  required  with  power  supplies  of 
rated  frequence  at  voltages  between  95  and 
1 50  percent  d  the  rated  vaiue. 

4-3  EASE  OF  OPERATION 

Military  air  conditsoners  arc  designed  for 
maximum  practicable  ease  of  operation.  To 
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put  most  units  into  operation,  it  shouiJ 
suffice  to  connect  them  to  drain  lines  {con¬ 
densate  tines  in  the  c  doting  mode)  and  the 
proper  electrical  power  source.  A  simple, 
readily  accessible  selector  switch  should  allow 
the  operator  to  select  easily  the  heating, 
ventilating,  or  cooling  mode  of  operation.  In 
the  cooling  or  heating  mode,  the  enclesure 
temperature  should  be  aufomsUcally  con¬ 
trolled  by  an  adjustable  thermostat.  Simple 
damper  adjustment  should  permit  control  of 
the  amount  of  fresh  air  entering  the  enclo¬ 
sure. 

The  use  of  principles  of  human  engineering 
in  the  design  of  the  controls  makes  them 
easier  to  use.  Standardization  ol  controls 
permits  personnel  familiar  with  the  operation 
of  one  umt  to  operate  other  units  m  the  same 
family  without  additional  training. 

Safety  and  ease  of  operation  are  enhanced 
by  providing  moving  parts  and  parts  subject 
to  high  operating  temperatures  with  safety 
guards  if  they  present  a  hazard  to  personnel 

The  elimination  of  manual  functions  also 
contributes  to  ease  of  operation.  An  example 
is  the  use  of  *  time-driay  circuit  to  delay  start 
of  the  compressor,  when  units  are  initially 
turned  on.  until  the  fan  has  run  several 
seconds.  This  feature  also  increases  reliability 
by  eliminating  the  possibility  of  human  error 
in  this  step  of  the  operation 

Ease  of  operation  is  also  enhanced  by 
design  features  which  make  the  sound  level  of 
air-conditioning  units  low  enough  so  that 
there  is  no  interference  with  satisfactory 
performance  and  communication  of  personnel 
in  the  conditioned  space.  Quiet  operation  is 
needed  for  intelligible  conversation  at  normal 
voice  levels  and  for  satisfactory  use  of  tele¬ 
phone  and  open  microphone-speaker  systems. 
In  some  cases.  sound  attenuators  ar? 

needed  to  satisfy  the  nose  requirements. 

4-4  MOSIUT\ 

The  mobility  of  military  air-condititmers  is 
enhanced  by  design  statutes  which  lower  the 
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size  and  weigh!  of  the  units,  by  arrangements 
which  yield  hi§h  resistance  to  shock  and 
vibration,  and  by  provision  of  lifting  and 
tie-dowss  dev  tees.  Canvas  covers  can  be  pro¬ 
vided  to  protect  the  condenser  side  of  the 
units  during  transit.  Canvas  covers  should  also 
be  provided  for  the  evaporator  sections  of 
skid-mounted  uni«s  during  transit. 

The  accelerations  and  vibrations  which 
envue  umental  control  units  are  required  to 
withstand  can  be  lound  in  the  Military  Speci¬ 
fications  referenced  in  Table  3-1.  which  also 
lists  the  sue  and  weight  of  the  units.  Com¬ 
pliance  with  the  specifications  insures  that  the 
units  are  capable  of  withstanding  loads  asso¬ 
ciated  with  transport  over  rough  terrain  with¬ 
out  requiring  pump-down*  and  blocking  or 
tiemown  of  internal  components. 

4-5  RELIABILITY  AND  DURABILITY 

The  reliability  objectives  for  military  air 
conditioners  arc 

( I  ?  Mission  reliability*  of  ‘*5  percent  with 
1  mission  tune  o!,  24  hr 

<  2  i  A  mean-iime-between-failures*  of 
1104  hr  with  *>0  percent  confidence 

(3)  A  service  life  of  10  yr.  with  4000  hr 
between  overhauls. 

Although  the  mean-time-between-failures  is 
important,  it  does  not  suffice  to  give  a  total 
indication  of  system  reliability.  Equipment 
reliability  also  involves  the  ease  of  repair  3nd 
the  simplicity  of  preventive  maintenance  pro¬ 
cedures.  These  feature'-  are  discussed  in  par. 
4-6. 

features  now  available  which  contribute  to 
the  durability  and  reliability  of  military  air 
conditioners  include 


♦  TwBp-dawfl"  trfm  to  Use  amoral  at  noteum  of  ft* 
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( 1 »  Seif  protection' 

(a)  Ovcrtemperature  cutoff  for  heater 
dement 

(b)  Overpressure  cutoff  for  compressor 
and  overpressure  refrigerant  release  device 

(c)  Antifrost  control  for  evaporator  coil 

id)  Automatic  cutoff  when  ambient 
lemn^atufr  dfOpi  bclcw  Iht  SS55U” 

mum 

(e)  Overcurrent  and  winding  overheat 
cutoffs  for  motors  (To  avoid  needless  tripping 
of  circuit  breakers  used  in  cutoff  circuits,  a 
time  delay  dependent  on  the  magnitude  and 
duration  of  the  current  overload  is  em¬ 
ployed.) 

(0  Phase  sequence  relay  for  3-phase 

umts 

(2)  Construction  to  withstand  salt  fog. 
rain,  moisture  condensation,  fungus,  insect 
attack,  dust.  S3nd.  and  high  ambient  temper¬ 
ature  and  humidity 

(3)  The  use  of  a  filter-dner  in  the  refrig¬ 
erant  circuit  to  remove  moisture,  filter  im¬ 
purities.  and  act  as  an  acid  neutralizer 

<45  Hermetic  compressors 

<  5 )  Hot  gas  bypass  temperature  control 

ibi  Wiring  secured  to  cabinet  and  electrical 
isolators  to  present  abrasion  of  insulation 

i  “  I  L  «  ot  high  temperature  soldered  joints 
m  the  piping  to  reduce  the  possibility  of 
leakage  in  the  refrigerant  system 

( 8  >  Permanent  type  fillers,  i  c  .  ones  which 
can  be  cleaned  by  washing  or  brushing  and 
returned  ic  serv--- 

Tube  fin  coils 

( 10)  Vic  of  an  electrical  interlock  to  pre- 
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vent  operation  of  the  heaters  when  the  air 
conditioner  is  set  for  cooling. 


44  MAINTENANCE 

The  maintenance  requirements  for  military 
air  conditioners  are  given  in  Table  4-2. 

Some  of  the  features  now  available  which 
help  to  achieve  these  requirements  and  which 
facilitate  maintenance  when  it  k  required  are: 

(1)  Interchangeability  of  as  many  compo¬ 
nents  as  possible  among  the  environmental 
control  units  in  a  family  should  be  the  rule. 
This  requirement  reduces  not  only  the  supply' 
costs  for  spare  parts  but  also  the  training 
requirements.  Personnel  trained  to  perform 
maintenance  operations  on  one  unit  can 
perform  the  same  function  on  othec  ^aits  of 
the  same  family  with  little,  if  any,  additional 
training. 

( 2)  Access  panels  are  provided  to  facilitate 
maintenance.  Greater  facility  is  achieved  if 
the  niter  and  maintenance  access  panels  are 
mounted  on  spring  hinges  which  cause  the 
doors  to  dose  when  released. 

(3)  The  permanent  type  air  filters,  which 
must  be  inspected  periodically  and  washed  as 
necessary,  are  the  only  stems  that  require 
frequent  attention.  The  filter  cleaning  opera¬ 
tion  require  less  than  !0  min.  The  out  time 


TABLE  4-2 

MAINTENANCE  TIME  OBJECTIVES 
FOR  MILITARY  AIR  CONDITIONERS 


MewcTtme- 

BatwwKv 

Utontenancs 


250  1000  4000 


MawvTinw 

to-Rwaw  4  8  24 


! 


for  routine  service  is  less  than  S  percent  of  the  s 

operating  time 

(4)  Motors  and  compressors  are  lubricated 
for  life  so  that  no  routine  lubrication  is 
required. 

(5)  In  some  air  conditioners,  the  compres¬ 
sor  is  mounted  on  a  frame  which  can  be  slid 
out  like  a  drawer  to  facilitate  its  removal. 

(6)  The  electrical  junction  box  is  arranged 
to  permit  removal  from  the  unit  to  facilitate 
servicing. 

(7)  Major  electrical  components  are  con¬ 
nected  by  MIL-STD  connectors  to  facilitate 
replacement. 

(8)  Fixed  anchor  nuts  of  the  floating, 
self-locking  type  used  to  facilitate  mainte¬ 
nance  and  to  reduce  the  number  of  loose 
parts. 

i9)  The  number  of  different  types  a  .d 
sizes  of  fastening  devices  and  similar  hardware 
is  kept  to  a  minimum. 

(10)  Drawings  are  furnished  for  each  non¬ 
standard  military  component,  including  the 
smallest  parts. 

(IDA  single  refrigerant.  R-22.  is  used  m 
all  units  in  the  compact  family. 


(I2i  The  refrigerant  system  includes  ser¬ 
vice  valves  to  facilitate  preventive  mainte¬ 
nance  checking. 

(13)  A  liquid  line  sight  glass  indicates 
whether  there  is  moisture  in  the  refrigerant  or 
a  shortage  of  refrigerant. 

(14)  Number  coding  is  used  in  the  winng. 

(15)  Lifting  handles  or  attachments  are 
provided  to  facilitate  dismounting  with  safety 
if  trouble  shooting  is  required. 


4-5 


-..•“wraMrus* 


m&imvrn 


4-7  INSTALLATION 

The  following  ve  tome  of  the  available 
features  which  facilitate  the  imtaliatsoa  of 
military  air  conditioners: 


U)  Units  of  each  coding  capacity  are 
available  in  vertical  and  horizontal  configura¬ 
tions  to  facilitate  accommodation  to  the 
available  space. 


C2)  A  choice  of  power  source  type  is 
available. 


(3)  Mounting  is  facilitated  by  lift  fittings, 
tie-downs,  and  built-in  attachment  devices. 
Captive  nuts  are  provided  in  the  base  and 
back  of  the  units. 


(4)  Provision  is  made  for  the  attachment 
of  ducts. 

(5)  Provision  ts  made  for  remote  mounting 
of  the  control  panel  and  the  thermostat. 

(6)  The  side  surfaces  of  the  units  are  free 
of  air  apertures  and  maintenance  access  panels 
to  permit  side-by-side  installation. 

44  STORAGE 

Military  environmental  control  units  must 
meet  the  requirements  of  Ref.  12  for  static 
exposure  to  salt  fog,  rain,  fungus  and  insect 
attack,  and  blowing  sand  and  dust  without 
undue  deterioration  or  excessive  cleanup  and 
startup  time.  Environmental  control  units 
must  also  be  capable  of  storage  without 
damage  at  ambient  temperatures  from  -65*1- 
to  !55°F. 
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CHAPTER  5 

TYPES  OF  MILITARY  HEATERS 


5-1  INTRODUCTION 

Mill  tar,  heater?  consist  primarily  of  elec¬ 
tric.  combustion,  and  automotive  types.  A 
brief  description  follows 

( 1 J  Electric  Ilea  ten.  Heat  is  generated  by 
passage  of  current  through  a  resistive  clement. 
Most  of  the  elcctnc  heaters  used  ui  mobile 
systems  employ  a  blower  to  draw  air  over  the 
hot  element  and  discharge  the  heated  air  into 
the  space  to  be  heated. 

(2)  Combustion  Heaters.  Heat  is  generated 
by  burning  a  fuel,  which  is  usually  gasoline  or 
a  diesel  fuel,  in  heaters  designed  for  mobile 
systems.  A  heat  exchanger  is  u>  :d  to  transfer 
heat  to  air  which  is  then  discharged  into  the 
space  to  be  heated.  Exhaust  gases  are  vented 
separately  to  prevent  contamination  of  the 
heated  air. 

(3}  -iutomotne  Heaters.  Most  automotive 
heaters  are  designed  to  make  use  of  waste 
heat  from  the  engine,  air  being  heated  by  a 
heat  exchanger  through  which  the  engine 
coolant  flows.  Automotive  heaters  are  de¬ 
signed  for  use  during  transit ,  while  most  other 
heaters  arc  not  us«d  during  transportation  of 
the  equipment  in  which  they  arc  mounted. 
Automotive  heaters  may  be  used  to  supply 
heat  either  to  a  vehicular  component  or  to  the 
crew  compartment. 

The  families  of  military  heaters  arc  listed  in 
Appendix  !1  of  Ref.  I .  which  gives  the  logistic 
responsibilities  for  environmental  control 
units.  Technical  data  and  the  characteristics 
of  military  heaters  arc  given  in  a  proposed 
Military  Standard3.  A  summary  of  heater 
specifications  in  Ref.  2  a  listed  in  Table  5-1. 


As  with  air  conditioners,  heaters  ^an  be 
installed  in  a  variety  of  ways.  i.e..  they  can  be 
mounted  on  the  floor  as  shown  in  Fig.  3-1. 
and  small  units  can  be  mounted  on  shell'  space 
as  shown  in  Fig.  2-2.  Heaters  can  also  be 
skid-mounted  and  trailer-mounted 

All  heaters  require  electrical  power  for 
their  operation,  even  if  only  in  the  control 
circuitry.  In  most  cases,  an  external  power 
source  is  required,  but  engine-driven  uiuts  can 
be  completely  self-contained,  with  a  generator 
as  an  internal  component.  Several  of  the 
military  heaters  are  listed  m  1  able  5- 1  -All  arc 
combustion  heaters  which  require  power  only 
for  auxiliary  purposes  «_*eh  as  tontroi  and  the 
operation  of  electnc  fans  and  fuel  pump<- 
One  of  the  units  described  in  par  5-3  <Fig. 
5-21  is  of  this  type. 


&2  ELECTRIC  HEATERS 

A  variety  of  requirements  have  handi¬ 
capped  efforts  toward  standardization  of 
separate  elcctnc  heaters.  Heaters  expected  to 
be  avadable  in  the  near  future  have  relatively 
small  heating  capacities,  and  their  chiet  use  is 
in  «/*</  hcatma  l- nits  of  larger  capacity  arc 
expected  to  he  developed 

Although  elec  tin,  heating  systems  have 
lower  overall  economy  than  combustion 
heaters,  they  have  several  advantages 

<  1  i  Electric  h-ating  is  clean. 

|2>  The  absence  ol  combustion  products 
eliminates  the  problem  of  then  chsposal  and 
avoids  the  danger  due  to  to\K  gases  such  as 
carbon  monoxide. 
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(3)  With  electric  heating  there  is  no  l'uei- 
spill  ige  problem,  thus  there  is  less  danger  of 
ciusi'v;  a  fire  than  there  is  with  combustion 
heating. 

(4)  An  electric  heater  is  much  more  simple 
in  construction  and  control;  therefore,  more 
reliable  and  durable  than  an  equivalent  com¬ 
bustion  heater. 

(55  Use  of  electric  heating  reduces  the 
possibility  of  an  occupied  compartment  being 
contaminated  during  a  CUR  attack. 

5  3  COMBUSTION  HEATERS 

As  shown  in  Table  5-1,  several  combustion 
heaters  are  available  with  capacities  between 
15,000  and  60,000  Btu/hr;  and  one  gasoline- 
engine-driven  unit  has  a  capacity  of  1 50,000 
Btu/hr.  Although  electric  heaters  of  capacities 


up  to  68,000  Btu/hr  are  to  be  developed,  the 
maximum  capacity  available  ir.  existing  elec¬ 
tric  models  is  13,660  Btu/hr.  Therefore,  at 
present  it  is  easier  to  meet  high-capacity 
requirements  by  the  use  of  combustion 
heaters.  Another  advantage  of  combustion 
heaters  using  liquid  fuels  is  their  capability  of 
providing  quick  warm-up.  The  blower-type 
heaters  are  the  ones  best  adapted  for  use  in 
mobile  structures  such  as  vans,  trailers,  and 
shelters.  The  nonblower  type,  in  which  heat  is 
transferred  by  radiation  and  free  convection, 
is  better  adapted  for  use  in  permanent  strut 
hires. 

To  further  illustrate  the  features  ol  com¬ 
bustion  heaters,  two  units  are  described  in  the 
paragraphs  which  follow. 

Fig.  5-1  shows  a  60,000  Btu/hr  compact 
heater  designed  primarily  for  use  in  mobile 


(C)  Configuration  of  hotter  w 

'Can  ho  either  or  troth,  depending  upon  imtottetion  end position  of  control  twitch  and  damper 
Figure  5- 1.  60.000  Btu/hr  Gasoline  burning  Heater 
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!  ti  vs,  although  not  during  transit.  It  is  a 
■'  ' i‘i  ‘nii ;.ing,  forced-hot-air  type  of  unit. 

1  m|K  -  arrangmcnt  permits  variation  of 
1  '■  1  i!  ’  1,1  recirculated  air  to  fresh  air.  The 
ti  hi-  used  as  a  ventilator  when  heating 
i  i  '(  ;eii uired.  By  relocation  of  several 
1  1  a  lliin-  components,  the  unit  may  be 
for  air  discharge  from  the  bottom, 

'  *  >’  au  Fuel  may  be  fed  to  the  heater 

I  ‘  *  a  v|  |  ,'  tank  either  by  gravity  ora  fuel 

l  up. 

i  ,  hows  a  150,000  Btu/lu  heater 
e  -gtud  pntnanly  for  use  with  military 


shelters.  The  heater  is  mounted  exterior  to 
th?  shelter  or  other  equipment  to  be  heated 
and  is  connected  to  it  with  flexible  ducts.  As 
shown  in  Fig.  5-2(A),  it  may  also  be  used  to 
support  air-inflated  shelters.  ThC  heater  is  a 
gasoline-burning,  forced-hot-air  type  of  unit. 
The  air-discharge  blower  operates  continu¬ 
ously,  and  the  combustion  cycling  is  con¬ 
trolled  by  a  thermostat.  The  heater  electrical 
circuit  is  powered  by  a  built-in  generator.  The 
prime  mover  may  be  either  a  gasoline  engine 
(Gass  1 )  or  an  electric  motor  (Gass  2).  A  fuel 
pump  furnishes  fuel  to  the  engine  (in  Gass  1 
units)  and  to  the  heater  combustion  chamber. 


(Ms  Configuration  of  (  lass  I .  engine-driven.  (A)  Heater  inflates  and  supplies  heat  to  she!*  - 

f  lass  ’  is  motor-driven. 
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Figure  5-2.  150,000  Btu/hr  Portable  Duct -type  Heater 
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CHAPTER  6 

FEATURES  OF  MILITARY  HEATERS 


6-1  INTRODUCTION 

Many  of  the  general  features  of  military 
heaters  are  similar  to  those  of  military  air 
conditioners  which  are  discussed  in  Chapter  4. 
To  avoid  duplication,  this  chapter  concen¬ 
trates  on  those  features  which  apply  specif¬ 
ically  to  heaters  and  does  not  elaborate  on 
features  common  to  heaters  and  air  condi¬ 
tioners.  More  detailed  information  can  be 
obtained  from  the  references  listed  in  the 
following  paragraph. 

Ref.  1  sets  forth  the  responsibilities  for, 
and  the  general  overall  policies  to  be  followed 
in  the  design  and  development  of  heaters  as 
well  as  other  environmental  control  units. 
This  regulation  may  be  implemented  in  the 
near  future  by  publication  of  a  proposed 
Military  Standard1  which  will  supply  data  on 
vehicular  compartment  heaters,  engine  cool¬ 
ant  heaters,  and  space  heaters  in  the  military 
family  of  heaters.  The  document  will  include 
photographs,  installation  drawings,  and  data 
pertinent  to  application,  supply,  and  mainte¬ 
nance.  Ref.  3  specifics  procedures  for  some  of 
the  rests  used  for  determining  the  resistance 
of  equipment  to  environments  peculiar  to 
military  operations.  Military  Specifications 
(such  as  Refs.  4  through  7)  should  be  con¬ 
sulted  for  detailed  information  on  the  design, 
construction,  operation,  servicing,  and  testing 
of  individual  units. 

6-2  SERVICE  VERSATILITY 

The  available  features  described  in  the 
following  paragraphs  enhance  the  versatility 
of  military  heaters. 

( I )  Multifuel  (MfUibHity.  Some  military 
heaters  are  designed  for  use  with  a  variety  of 


fuels  instead  of  a  single  fuel.  These  multifucl 
heaters  may  be  operated  with  any  grade  of 
gasoline  up  to  100  octane  or  with  diesel  fuels 
of  classes  DF-1 ,  DF-2,  or  DF-A.  The  heaters 
may  be  designed  to  be  used  primarily  with 
one  fuel,  but  multifuel  heaters  will  have  the 
capability  of  operating  with  other  fuels  when 
the  most  suitable  fuel  is  not  available. 

(2)  Operation  in  Extreme  Cold.  AH  mili¬ 
tary  heaters  are  capable  o(  starting  and 
operating  at  ambient  temperatures  down  to 
-50°F,  and  many  down  to  -65° F. 

(3)  Vent ilation.  Blower-type  military 
heaters  are  capable  of  providing  ventilation 
with  or  without  heating. 

(4)  Col.ectivc  Protection  Compatibil¬ 
ity.  Some  military  heaters  can  be  installed  so 
that  fresh  air  taken  in  for  ventilation  passes 
through  a  collective  protection  system.  For 
example,  all  of  the  environmental  control 
units  in  the  compact  family  (Table  3-1)  are 
compatible  with  collective  protection  sys¬ 
tems. 

(5)  Compatibility  with  Electronic  Systems 
on  Same  Power  Supply.  Military  heaters  are 
designed  so  that  they  will  pot  interfere  with 
the  operation  of  sensitive  electronic  systems 
powered  by  the  same  power  supply.  To  help 
assure  that  there  will  be  relatively  little  cyclic 
disturbance  of  the  power  supply,  blowers  ate 
usually  designed  to  run  continuously.  Also, 
the  electrical  systems  of  military’  heaters  are 
designed  for  electromagnetic  compatibility. 
This  means  that  the  heaters  will  neither  emit 
significant  electrical  disturbances  nor  be  sus¬ 
ceptible  to  the  types  of  disturbances  that  may 
he  emitted  by  other  equipment  in  their 
vicinity.  (The  electromagnetic  interference 
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suppression  of  military  heaters  isgovcii^J  by 
MIL-STLM6I.) 

(6)  Tolerance  of  Tower  Supply  Varia¬ 
tions.  Military  heaters  are  designed  to  be 
operable  under  more  than  normal  variation  of 
the  voltage  and  frequency  of  the  power 
supply.  The  specifications  for  individual  units 
should  be  consulted  for  the  allowable  varia¬ 
tions  and  the  accompanying  reductions  in 
capacity. 

(7)  Outdoor  Installation  Kits.  Some 
heaters  are  designed  primaiiiy  for  exterior, 
and  others  primarily  for  interior,  installation; 
some  of  the  latter  may  be  obtained  with  kits 
which  permit  outdoor  installation.  Farts  con¬ 
tained  in  such  kits  should  include  flexible 
ducts,  duct  adapters,  exhaust  stack,  fuel  can, 
flexible  fuel  hose  and  can  adapters,  and  power 
and  thermostat  cables. 

(H)  Orientation  for  Operations.  Of  partic¬ 
ular  interest  is  the  possibility  of  operation  of 
the  00,000  Htu/hr  heater  in  an  upright, 
inverted,  or  on-the-back  position  after  re¬ 
orientation  of  various  internal  components. 

63  EASE  OF  OPERATION 

Military  heaters  have  a  number  of  features, 
based  on  human  engineering,  which  con¬ 
tribute  to  ease  of  operation.  These  include*: 

( I )  Toggle-swift  ,i  starting  and  shutoff 

(2)  Standardized  controls 

(3)  Automatic  regulation  when  connected 
with  suitable  thermostat 

(4)  Ability  to  start  and  operate  whi'e 
vibrating 

(5)  Low  noise  level 

(6)  Use  of  quick-disconncct.  sell-sealing 

•Not  aII  inUitury  hrtlrn  Into-  aU  u(  i hr  Haul  Iruliitet  I  m 
e*amj>lr,  feature'  ( )).  16).  (7)  and  t't)  aw  not  ivaUal.ir  on 
tlie  1 5.000  litu/.hr  healer,  a n<l  feature'  and  16)  r.tr  not 
available  on  the  60,000  tllu/hr  heater 

6-2 


fuel  hose  connections  on  combustion  heaters 

(7)  Keinotablc  control  panels  for  con¬ 
venient  location 

(8)  Instruction  plates  with  adequate  in¬ 
formation  to  facilitate  corr.-ction  operation 

(9)  Conveniently  operated  damper  con¬ 
trols. 

6-4  MOBILITY 

The  features  which  contribute  to  the 
mobility  of  military  healers  are  similar  to 
those  of  military  air  conditioners.  Military 
heaters  are .  constructed  to  withstand  the 
shock  and  vibration  of  rough  road  travel. 
Mobility  is  also  enhanced  by  compactness, 
low  weight,  and  by  provision  of  lift  and 
tie-down  devices.  The  use  of  ducts  of  the 
compressible,  flexible  type  helps  conserve- 
space  during  transport.  Normally,  blocking 
and  tie-down  of  internal  components  are  not 
necessary,  neither  during  transport  nor  during 
normal  operation.  However,  suitable  brackets 
are  provided  in  some  engine-driven  units 
which  require  that  the  engine  be  tied  down 
during  transit.  Some  combustion  heaters  arc 
capable  of  operating  during  transit  of  the 
installation, 

6-5  RELIABILITY  AND  DURABILITY 
65.1  OBJECTIVES 

Lhe  reliability  objectives  lor  military' 
heaters  are:* 

( 1 )  Mission  reliability  of  88'v  with  a  mis¬ 
sion  time  of  250  hr.  at  a  confidence  level  ot 
'HY/i  *  * .  In  some  cases  the  mission  may  consist 
of  two  125-hr  grinds  separated  by  1  hr  ol 
scheduled  maintenance. 

( 2)  2000  hr  between  major  overhauls 

(3)  Availability  of  W, . 

*Ni(l  ill  *  it  fllf  availahlr  Ilealeri  tncrl  Oii'w  ohjee  lives 

and  miunm  ijmr  arc  dr  fined  in  par  A  1 . 

Apprrwfu  A 


6-5.2  FEATURES  CONTRIBUTING  TO  RE 
LIABILITY  AMO  DURABILITY 


Avadabk  uijet)  3nd  seij-prutecttvn  fea¬ 
tures  which  hdp  meet  the  previously  stated 
objectives  include 

( l )  Discharge  air  overheat  cutolt 

(  ’  t  Ignition  ! allure  cutoff 

(  3  )  Flame  failure  cutoff 

(4)  Automatic  combustion  chamber 
purge  cycle  after  manual  cutoff 

t  5  >  Motor  overheat  cutoff 

iot  fclectncal  fuses  or  circuit  breaker  ■  to 
protect  against  electrical  overloads 

« 7 1  Provision  ot  enclosures  ot  guards  for 
moving  parts  that  might  be  a  hazard  to 
operating  or  maintenance  personnel 

4  S'.)  Protection  against  accidental  contact 
with  het  surfaces 

i4m  Enclosure  of  dectncally-energjzcd 
parts  and  provision  ot  grounds  as  required 

!  10)  Heater  ducts  capable  of  handling  air 
at  higher  than  normal  temperatures 

(Hi  Use  of  stainless  steel  in  combustion 
chambers  and  many  other  parts 

i  Hi  C  obstruction  in  accordance  with  Mili¬ 
tary  Specifications  governing  resistance  to 
salt-tog.  rain,  moisture  condensation,  and  dust 
ami  sand 

i  i  3 )  l  >e  of  filters  m  the  fuel  ones  to  aid  m 
removing  mo*sturc  and  other  foreign  matter 
from  the  fuel 

frS  MAINTENANCE 

66  1  THREE  MAINTENANCE  CATEGO¬ 
RIES 

The  tasks  included  in  the  three  categories 


of  tester  ssunfenaace  are  listed  in  the  para- 
pa^hs  which  follow 

1.  Routine  Maintenance 

a.  Combustion  Healers 

( 1 )  Refill  fuel  lank.  ( Not  necessary  for 
vehicle  heaters  if  fuel  is  obtained  from  main 
tank  on  vehicle.) 

(2)  inspect  for  accumulated  dm  around 
heater,  in  air-in  take  screen,  in  fuel  screen  or 
filter  and  clean  if  necessary . 

4  3>  inspect  housing,  ducts,  fuel  lines, 
and  wring  for  looseness,  breaks,  cracks,  or 
other  damage. 

b .  Engme-coohni-operated  Healers.  No 
routine  maintenance  required. 

c.  Electric  Heater  inspect  for  loose  con¬ 
nections.  damage  io  cord  or  plug,  and  leaks  in 
housing,  connections,  or  hoses. 

2.  Organizational  or  Dire  a  Support  Mainte¬ 
nance 

a.  Combustion  Heaters 

4  i )  Replace  igniter,  if  necessary 

(2)  Replace  preheat  resistor,  if  neces¬ 
sary. 

(3)  Adjust  or  replace  flame  detect ;>r 
switch,  if  necessary 

(4)  inspect  damper  .ontrols  and  re¬ 
pair.  if  nec'-ssarv 

b  t.r.t  -operated  Heater* 

« ’  -  .ocUsk:  connections  so  cor¬ 
ners  ss  *=■-  a~rpsgr 

*.  &.—»  o**j  ot  fan  and  heat- 

rs^ss^Ee 

<  —  f  ssjsamng  faafemngs. 
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« 4  >  inspect  damper  controls  and  repair. 

it  accessary. 

c.  Electro.  Hasten 

( i  i  Repair  or  replace  cord  ot  plug,  if 
necessary. 

1 2 »  Inspect  and  dean  heat  exchanger. 

(3)  Inspect  mounting  fastenings.  tighten 
ii  necessary. 

(4)  Remove  ar.d  replace  entire  heater  « 
necessary . 

i 5)  Inspect  damper  controls  and  repair, 
it  necessary 

3  Din\ i  or  Centred  Support  Mainttnojv.c 
<  \ormalh  Sect tonal) 

a.  Combustion  Heatcn 

( 1 1  Remove  heater  from  installation, 
disassemble,  dean  and  inspect  internal  and 
externa!  parts. 

( li  Replace  deteriorated  parts. 

<3>  Readjust  and  recalibrate  as  neces¬ 
sary 

b  tnpnr-i  oolanl-operated  Heater' 


( 1 )  Same  as  Item  ( !  >  tor  combustion 
heaters. 

(2)  Replace  heat  exchanger,  fan.  motor, 
or  motor  brushes,  if  necessary 

c  fc/gtfflt  Heatcn 

( ! )  Same  as  liens  f  S »  for  combustion 
heaters 

i.’t  Replace  heatmg  dement,  heat  cx 
changer,  fan.  motor,  or  switches.  if  necessary 

»3»  Recalibrate  or  replace  thermostat,  if 
necessary 

fv4 


Mc2  MAINTENANCE  TIME  OBJECTIVES 

The  maintenance  time  objectives  for  mili¬ 
tary  heaters  are  given  in  fable  O-i . 

6-6. 3  FEATURES  CONTRIBUTING  TO 
EASE  OF  MAINTENANCE 

features  which  contribute  to  ease  o!  main 
tenarice  include 

<  I )  Development  ot  tnihury  heater  designs 
with  monodelaii  drawings  annmg  for  maxi¬ 
mum  interchangeability  ot  parts  and  mini¬ 
mum  requirements  tor  spare  part  s*ock.s 

« 2 1  Permanent  lubrication  wheie  lubrua- 
tion  is  required 

( 3 1  Number  .oding  ot  electrical  wiring 

(4)  Recessed  carrying  handles  to  taoiitatc 
dismounting  when  necessary 

«5»  Provision  <-!  dips  tor  holding  spare 
fuses,  conveniently  located  ><r.  the  pane!  that 
holds  the  operating  tusc* 

<  t>  i  Lse  ot  captive,  quick -disconnect 
fastenings  on  covers  or  plates  mat  mu*'  tx 
removed  for  adjustment  or  repair  operation* 

i"s  Provision  ot  instruction  plates  integral 
with  tnc  heater,  and  readily  accessible  and 
readable  tnoi  subject  to  obliteration  >  giving 
important  servicing  procedures.  and  schematic 
and  wiring  diagram* 
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MAINTENANCE  TIME  OBJECTIVES  FOR 
MILITARY  HEATERS 
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(8)  Design  considerations  which  minunue 
assembly  of  parts  in  wrung  .umhiiuUoift 

<*D  Design  considerations  which  tmrumi/c 
necessity  to  hold  heavy  or  awkward  parts 
during  assembly 

67  INST  ALL  AT  SOW 

The  versatility  of  heater  installation  is 
enhanced  by  the  tollowmg  tcatuies  ut  mib- 
ury  heater* 

( i )  DeSlector  hoods  or  grills  to  Jucct  On. 
discharge  air  as  required  in  those  instaliu’tons 
in  which  duets  are  not  used 

<2>  Long  csbi-  on  mam  thermostat  per¬ 
mitting  best  location  i  >r  control  i^uuo 

I  si  Compact  control  panels  that  .an  be 
iocaicu  tcsTrott  from  the  heater  permitting 
installation  where  best  lor  operator  con¬ 
venience 

(4i  Mu  Imposition  operability  provides 
capability  ot  contormmg  to  configuration  ol 
the  available  space 


1 5 »  Interchangeable  ret  urn- ai;  and  lrcv!«-air 
inlets 

(61  Built-in  Jastencrs  ot  other  provisions 
tor  mounting 

i  ~  i  Availability  with  difterent  electrical 
requirements,  permitting  adaptation  to  all 
anticipated  sources  ot  power 

IM  Outdoor  installation  lots  to  permit 
applications  where  the  heater  must  be  placed 
outside  ol  the  heated  space 

i‘>i  Weather  and  corrosion  resistance  to 
diminish  deterioration  in  extenor  instal¬ 
lations 

6-8  STORAGE 

Storage  requirements  tor  military  ficaters 
are  the  same  as  those  lor  military  ai:  condi¬ 
tioners  I  he  units  must  meet  the  requirements 
ol  Re!  *  lor  storage  without  damage  at 
ambient  temperatures  troni  - sf  to  IK)  1 
and  tor  static  exposure  to  sea  salt  lallout 
rain,  and  biowing  sand  and  dust  without 
undue  deterioration  or  excessisc  cleanup  and 
startup  time 
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CHATTER  7 

« 

METHODS  OF  MINIMIZING  COOLING  AND  HEATING  LOADS 


7-1  INSULATION 

Increasing  the  insulation  ol  a  structure  is 
one  way  of  reducing  environmental  control 
loads.  B>  reducing  the  rate  of  heat  tiansfrr 
through  the  enclosing  surfaces,  both  heating 
and  cooling  loads  are  reduced  Tor  maximum 
effectiveness,  insulation  must  be  applied  at  all 
cxSenor  boundaries  of  the  structure  wails, 
root,  and  floor  An  additional  bench!  ot 
insulation  is  that  it  can  also  function  as  a 
noise  absorber  it  properly  selected  and  in¬ 
stalled. 

A  typical  shelter  wall  has  a  double-walled 
sandwich  configuration  consisting  ot  alumi¬ 
num  skins  with  a  plastic  foam  filler  lo 
reduce  thermal  conductance  where  framing 
members  provide  a  heat  path  between  inner 
and  outer  skins,  the  framing  members  mas  be 
separated  from  the  shelter  skin  by  sections  or 
plywood.  The  disruption  of  the  thermal  path 
by  the  plywood  sections  heips  to  present 
localised  condensation*  as  well  as  to  lower 
the  overall  heat  transfer  rate  A  typical  overall 
coefficient  of  heat  transfer  tor  this  type  of 
construction  is  0.35  Btu  ihr-fr-’Fr  The 
value  of  this  coefficient  can  be  kept  low  by 
reducing  wall  discontinuities  and  openings 
and  by  minimizing  the  number  ot  feed¬ 
through  connections  such  as  lacks  on  entry 
panels,  ground  lugs,  fuel  lines,  and  drain  lines. 

For  use  m  mobile  military  equipment 
insulation  must  be  resistant  lo  shock  and 
vibration,  and  it  must  be  nonhygroscopn.. 
Although  the  use  of  foamed  plastic  insulating 
materials  with  dosed  ceils  reducers  the  mois¬ 
ture  absorption  m  ths  type  of  insulation, 
sealing  out  vapors  remains  a  major  problem. 


*!»  c*M  iwWfctt.  *K  wcUmi  of  ptywood  kelp  tc  kttp  tim 
liMlKiva  at  ttw  ms  m  »han  Am  €*•  po*et  at 
ietikss 


7-2  REDUCTION  OF  SOLAR  LOAD 
7  2.1  GENERAL 

Soho  radiation  m.idcnt  v«n  the  external 
surtaxes  ot  a  structure  rnay  have  a  marked 
influence  on  heat  transmission  through  the 
walls  I  he  total  modem  radiation  is  partly 
reflected,  partly  absorbed,  and  partly  trans¬ 
mitted  In  general 

p  *  u  *  r  =  1.  (*•*! 

where  p  is  the  refiestivity  ol  the  surface,  q  the 
absorptivity  ot  the  material  and  r  its  trans¬ 
missivity  The  values  ot  tnesc  quantities  de¬ 
pend  on  the  angie  ot  incidence  of  the  radia¬ 
tion.  and  the  type  ot  material  and  its  thick 
ness  For  standard  olive  drab  paint  the 
dominant  factor  is  the  absorptivity  which  is 
approximately  0  '*1  For  Jcar  d  tubie-strength 
glass  at  norma!  incidence,  the  values  <>}  the 
three  lectors  are  the  So!‘owjng 

0  =  0  ll\ 

D  =  ii  Ob. 
r  =  0  K~ 

For  a  bronze,  gray,  or  green  heat-absorbing 
glass  »!  I  4-m  th’cknevs  the  value  ot  r  is 
reduced  to  about  o  4o 

Ret  !  gave*  a  good  amount  of  the  prop¬ 
erties  of  so{„r  radiation  its  wavelength  dis¬ 
tribution.  the  effect  ot  the  earth's  atmos¬ 
phere.  the  distinction  between  direct  solar 
radutio-.  and  diffuse  sky  radiation,  the  daily 
and  seasonal  variations  of  solar  radiation,  and 
the  relation  to  geographical  location  The 
methods  for  estimating  the  effect  of  solar 
radiation  on  heating  and  cooling  loads  are 
presented  m  Refs  I  and  2  A  discussion  of 
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auiii  fiuuluut!  >«in  pMituuu  application  to 
military  equipment  a  give.!  in  Ref.  3. 

Although  the  designer  of  environmental 
control  systems  must  prosit  adequate 
capacity  to  handle  the  worst  solar  loads 
anticipated,  the  user  of  the  equipment  can 
sometimes  take  steps  that  will  reduce  the 
solar  load  and  permit  more  efficient  opera¬ 
tion.  Unless  other  restrictions  present  it.  the 
structure  itself  can  be  onemeu  to  nunitm/e 
the  solar  load.  For  example,  the  structure  can 
be  onented  so  that  the  solar  radiation  tails 
predominantly  on  a  short  end  wall  instead  o! 

M  *+  •**%.  <«**V  W<MJ|. 

Some  of  the  methods  described  in  the 
paragraphs  which  follow,  for  reducing  soiai 
heating  loads  in  the  field,  may  be  unnecessary 
if  the  environmental  control  equipment  has 
adequate  capacity.  However,  there  arc  occa¬ 
sions  when  the  cooling  capacity  may  be 
inadequate  or  marginal,  and  a  knowledge  of 
emergency  methods  of  reducing  solar  heating 
loads  caR  be  put  to  use*.  Furthermore,  even  it 
the  cooling  capacity  is  adequate,  st  is  well  to 
take  advantage  of  convenient  methods  ot 
reducing  the  load  on  the  environmental  con¬ 
trol  equipment. 

7  Z2  REDUCTION  OF  WINDOW  AREA 

Window  areas  have  high  heat  transfer  d)e»- 
ficienix  compared  to  th?  rest  of  a  typical 
shelter  wall.  Therefore,  it  tv  desirable  to 
mimmuc  window  areas,  omitting  them  alto¬ 
gether  if  possible  However  this  ts  not  to 
deny  the  fact  that  properly  oriented  windows 
on  a  bright  sunny  day  may  admit  enough 
solar  radiation  to  cumfoi t»Ny  neat  a  room 
without  resorting  to  heating  equipment 

The  overall  coefficient  of  heat  transmission 
for  an  uncoaied  single  glass  is  approximately 
1  Btufhr-ft:-'F)  assuming  stsll  air  on  the 
inner  surface  and  a  "\5-mph  wind  at  the  outer 


4  mfffeo**  a  c**r  m  wftKfe  fine  to 

wwtaliM  at  tan  te  pmm  Stt  taat%  *Vwr 
ftee*  t*jtro  nittn  vxrr-tti  *e»e«r  a ertrei  »ct 
to  r*xn  tvrf  a  An*  itot  Ow  »a*n  a act  to  lwt<  t  a  coatsxws* 
aprjf  e#  *Sb  trurt  toe  -wt 


surface.  This  is  nearly  3  times  the  overall  heat 
transfer  coefficient  for  a  typical  shelter.  The 
rate  of  heat  transfer  through  window  areas 
can  be  reduced  by  doubic-gUcing,  but  this  is 
veidom  practical  in  transportable  equipment. 
Furthermore,  faulty  doubie-gtaung,  which 
docs  -sot  produce  a  real  dead  air  space,  may 
encourage  fogging  and  the  growth  of  fungi. 

Except  where  special  applications  may  re¬ 
quire  windows,  it  »  best  to  eliminate  them. 
Windows  do  not  take  the  place  of  artificial 
lighting  which  must  be  provided  anyway  for 
night  operation.  Furthermore,  windows 
would  have  to  be  blacked  out  under  combat 
condition* 

7-2.3  SHADING 

fhe  contribution  of  solar  radiation  to 
cooling  loads  may  be  reduced  substantially  by 
the  use  ot  shading  devices  to  exclude  the  sun's 
rays. 

Windows  can  be  shaded  internally  with 
roller  shades,  curtains,  or  blinds.  Externally 
windows  can  be  shaded  with  aseiangs.  over¬ 
hangs.  and  other  project  on*.  Louvered  sun 
screens  are  also  available  for  use  external  to 
window  surfaces,  their  advantages  wampared 
to  internal  screens  are  described  in  Ret  5 
Most  cf  these  devn.es  arc  usually  r  at  practical 
for  military  use  for  shelter  use.  an  external 
window  shutter  hinged  along  She  ic?  ef  !be 
window  makes  a  practical  shading  device. 
When  supported  open,  it  would  «?ct  a*  an 
awning,  and  it  could  be  dosed  during  trans¬ 
port.  shutter  could  also  serve  as  a 

blackout  curtain.  Lateral  projections,  are  re¬ 
quired  for  shading  when  the  altitude  angle  of 
the  si  n  »  so  small  that  overhangs  and  awnings 
are  incapable  of  shading  a  window.  It  is  not 
practicable  to  shade  windows  from  diffuse 
sky  radiation  and  raduuon  from  the  sur¬ 
roundings . 

Shading  also  may  be  apphed  to  entire 
structures  Fig  ~-S  illustrates  the  use  of 
shading  so  reduce  solar  beating  of  systems 
Under  no  conditions  should  she  movement  of 
air  necessary  to  remove  the  heat  of  com- 
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Figure  7 ■  1..  Example  of  the  Use  of  Shading 
to  Reduce  Solar  Heating  of 
Air  Conditioners 


prcssion  be  interrupt.-d  or  obstructed.  Note 
that  an  air  space  lor  ventilation  must  be 
provided  between  the  item  being  shaded  and 
the  canopy  if  a  significant  reduction  in  heat  is 
to  be  obtained  by  shading. 

Shading  may  be  achieved  through  the 
judicious  location  and  orientation  of  the 
structure.  For  example,  the  orientation  can  be 
chosen  :.o  that  the  walls  most  susceptible  to 
solar  radiation  such  as  windowed  walls,  walls 
with  environmental  control  units  mounted  m 
them,  walls  with  air  intakes,  etc.  are  on 
shaded  sides.  Furthermore,  the  entire  struc¬ 
ture  can  occasionally  be  shaded  by  proper 
location  with  respect  to  other  structures  and 
natural  objects  such  as  trees. 

Wall-mounted  cooling  units  for  efficient 
operation  should  be  located  to  receive  a 
minimum  of  solar  radiation. 

7-2.4  INCf,:  \r/o-u  REFLECTIVITY  OF 
EXTERIOR  SURFACES 

Most  exterior  surfaces  of  military  equip¬ 
ment  have  low  reflectivity,  and.  unfor¬ 
tunately,  it  is  usually  not  practicable  to 
increase  the  reflectivity  significantly.  How¬ 
ever,  when  other  restrictions  no  not  rule  it 


out,  a  reduction  in  the  cooling  load  due  to 
solar  radiation  can  be  obtained  by  increasing 
the  reflectivity  of  exterior  surfaces. 

An  indication  of  the  possible  improvement 
can  be  gaged  by  noting  that  the  absorptivity 
for  solar  radiation  of  standard  olive  drab  paint 
exceeds  0.9,  while  the  absorptivity  of  a  glossy 
white  can  be  as  low  as  0.^.  In  arctic  regions, 
where  white  paint  does  not  interfere  with 
camouflage  requirements,  its  benefit  results 
from  the  fact  that  its  low  cmissivity  decreases 
heat  losses  from  the  structure. 

file  U.  S.  Army  Coaling  and  Chemical 
Laboratory.  Aberdeen  Proving  Ground.  Maj\- 
land,  has  developed  solar  heat  reflecting 
(SHK)  coatings*  ol  low  visibility,  winch  can 
be  used  where  the  high  visibility  of  white 
paint  is  objectionable.  Low  energy  al  sorplio, 
while  retaining  a  dark  camouflage  color  is 
achieved  by  having  reflectance  in  the  inlrarcd 
region  of  the  spectrum.  These  coalings  have 
reflectances  of  about  (>5'<  lor  inlrarcd  radia¬ 
tion  in  ti  e  range  0.7- 2.0  microns.  SUP.  paints 
have  been  shown  to  be  very  effective,  having 
produced  temperature  reductions  of  10'  to 
20°F  when  used  instead  ol  standard  paints. 
Olive  drab  has  been  the  colo.  of  most  ol  the 
SIIK  paints  produced,  but  grays  tans  and 
even  near  black1  have  been  dev  i.  ,  eu.  An 
evaluation  of  solar  heat  reflecting  coatings  is 
given  in  Kef.  t>. 

The  solar  radiation  transmitted  through 
window  areas  can  be  reduced  by  a  commer¬ 
cially  available  reflective  film"  It  consists  ol  a 
I -mil  thick  polyester  film  with  a  vapor-cie.tcd 
backing  ol  aluminum,  ol  such  transpaiem v 
(one  way.  looking  on  .  that  •  sibihty  remains 
good. 

7-3  INDEPENDENT  VENTILATION  OF 
HEAT-RELEASING  EQUIPMENT 

If  beat-releasing  equipment  can  be  isola’vd. 

•Or*  SHK  paint,  the  ihamtrmlH*  of  whim  *u  fhvnlvil 
by  Ml  I- -1-460%,  i\  available  in  onc-yall'»n  umlri 

I  rtirral  Stock  Number  (I  SVl  HOjn  QK  *0M  Anotlii-i 
paint  \k  ilcuriUU  by  Mil  *1  -4M  J7.  ami  a  hijc?  h  tr Ike  live 
uttilcHoal  H  described  l»y  Mil  4  -4M  ;?. 

4,\SioUhtmt’’  «.tUf  Control  film,  manufu tur<*<f  l*v  t’»e 
(  **..  Crnlrr.  St.  I'atil.  Min  nr  iota 
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it  itUi;  be  possible  to  reuuce  the  cooling  loud 
by  ventilating  the  equipment  independently 
ot  the  rest  of  the  enclosure  being  controlled 
For  example.  this  can  be  done  with  electronic 
equipment  which  requires  ventilation.  but 
which  cun  tokrutc  temperatures  higher  than 
the  iUMimum  temperatures  allowable  in  per¬ 
sonnel  areas  or  other  parts  of  the  controlled 
space  Also,  there  may  be  circumstances  in 
which  the  temperature  o!  the  outside  air  is 
too  high  tor  the  personnel  areas  but  low 
enough  lor  seniilation  of  the  electronic  equip¬ 
ment  A  separate  ventilating  s>stcni  could 
then  bring  in  outside  air  pass  it  through  the 
electronic  equipment  and  exhaust  i»  to  the 
outside  Since  the  temperatures  in  all  parts  or 
such  an  isolated  system  would  be  higher  than 
those  in  the  personnel-occupied  space,  greater 
effectiveness  would  be  achiesed  b>  insulation 
ot  the  s>stem.  It  is  usually  not  practicable  to 
apply  insulation  to  electronic  equipment 
cabinets,  but  components  uich  as  ductwork 
and  ’in  housings  can  be  insulated  Ot  course 
any  leakage  ot  air  used  to  ventilate  the 
electronic  equipment  into  the  personnel  spao. 
must  be  avoided  i  Appendix  1)  ot  Ret 
describes  a  system  tor  using  outside  air  to 
cool  instrument  racks,  t 

Separate  ventilation  ot  heat-releasing  eoa.p- 
ment  is  not  practicable  t!  protection  against 
chemical  and  biological  agents  ic  required 
Not  only  is  it  usually  impossible  t* *  seal  such 
svstems  >o  that  outside  air  could  not  k-ak  into 
personnel  spaces.  c«ut  contamination  ot  the 
equipment  itu-.tr  may  l*c  unacceptable 

The  technique  ol  isolation  can  be  applied 
also  to  other  aspects  ot  environmei  ial  in¬ 
tro!  such  as  the  cc-ntros  ot  humidity,  dust 
and  odors  Separate  ventilation  ot  equipment 
which  excessively  generates  water  vapor,  dust 
or  odors  may  simplify  the  volution  ot  the 
overall  environmental  control  problem  For 
example,  separate  control  ol  photo-processing 
equipment,  which  releases  vapors  it  an  .-xecs 
s*'c  rate,  reduces  the  dehumidiftcation  load 
that  would  be  experienced  if  the  vapors  were 
released  directly  into  pervmr.el-o».cUpicd 
spaccx 
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7-4  RECIRCULATION  OF  AIR  FROM 
MEAT  RELEASING  EQUIPMENT 

Ihc  pieceding  paragraph  has  shown  how 
separate  ventilation  o!  heat-releasing  equip¬ 
ment  can  reduce  the  cooling  load  The  pur¬ 
pose  ot  this  paragraph  is  to  show  how  one  can 
tAc  advantage  of  heat- releasing  equipment  to 
reduce  the  heating  load  under  cold  weather 
conditions. 

!»■  reduce  the  heating  load  it  is  necessary 
to  .curves  all  or  pari  •>»  the  heat  generated  by 
the  equipment  to  the  conditioned  space  In 
some  .oscs  it  may  sutticc  to  deactivate  am 
systems  used  lor  separate  ventilation  ol  ihc 
t  quip  merit  during  wmn  weather  operation 
thus,  the  heat  is  conveyed  to  personnel  spaces 
oy  radiation  and  tree  convection  However  tt 
this  procedure  allows  the  temperature  in  some 
parts  ot  the  equipment  to  rise  too  high  it  will 
be  necessary  to  nuke  provisions  lor  air  trom 
the  personnel  space  to  be  circulated  through 
the  equipment  and  relumed  to  the  personnel 
space  Ihese  procedures  are  not  practicable 
ol  course,  it  the  hcal-rekasing  equipment  also 
gives  ott  unpleasant  uvi<  >rs  toxi.  gases  or 
otb.ei  undesirable  sups  r\  Thus,  tor  example 
it  may  be  possible  t-<  fccircuiatr  air  through 
electronic  component  racks  but  not  through 
i  photo-processing  unit 

In  applying  the  technique  described.  one 
should  lAe  into  account  the  mle-  ol  proper 
3*.;  Jistnbution  Air  should  be  removed  from 
and  returned  to  the  personnel  space  without 
generating  undesirably  high  velocities  or  any 
tendency  toward  stratification 

Thic  *nd  the  preceding  paragraph  show 
that,  to  take  full  advantage  ot  possible  reduc¬ 
tions  m  environmental  contioi  loads  hcas- 
releasing  equipment  must  be  ventilated  with 
outside  air  during  warm  weather  operation 
and  with  inside  air  during  cold  weather 
operate?"  Fig  T  illustrates  such  a  system 
The  design  should  permit  rosy  comcrsion 
from  one  mode  of  opetalioo  *o  the  other  The 
configuration  in  Tig  ~  TiB*  shows  warm  air 
being  released  into  the  controlled  space  at  a 
relativeiv  high  elevation  Although  it  is  pre- 
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ferable  to  release  warm  air  at  a  low  elevation, 
restrictions  imposed  by  other  conditions  - 
such  as  available  space  -inay  sometimes  pre¬ 
vent  it. 

7-6  VENTILATION  INDEPENDENT  OF  EN¬ 
VIRONMENTAL  CONTROL  SYSTEM* 

When  a  mobile  system  »  u  la  large 
fraction  of  the  time  under  conditions  which 
require  ventilation  only  without  temperature 
or  humidity  control  - -there  may  be  an  ad¬ 
vantage  in  designing  the  system  so  that  the 
environmental  control  unit  is  bypassed  when 
it  is  not  needed.  For  a  given  ventilation  rate, 
the  How  resistance  through  a  bypass  system 
would  be  less  than  that  through  (lie  environ¬ 
mental  control  unit;  therefore,  less  power 
would  be  required. 

The  nature  of  the  bypass  system  will 
depend  on  the  application.  If  the  environ¬ 
mental  control  uni;  feeds  into  an  air  distrib¬ 
uting  system,  the  bypass  may  be  designed  to 
feed  into  the  same  system.  For  a  small 
enclosure,  it  may  suffice  to  proviuv  a  wall  fan 
for  use  when  the  environmental  control  unit 
is  not  needed.  If  collective  protection  is 
required,  the  bypass  should  be  designed  .»o 
that  inlet  air  passes  through  the  collective 
protection  filter  unit. 

The  decision  to  install  a  bypass  ventilating 
system  depends  on  the  evaluation  of  several 
factors.  One  important  factor  is  an  estimate 


of  how  often  the  bypass  system  would  bo¬ 
used  and  wha‘  power  savings  would  be  real- 
wed.  Another  consideration  is  the  comparison 
of  installation  costs,  with  and  without  the 
bypass.  Space  is  another  factor  10  be  con¬ 
sidered.  In  a  densely  loaded  van  or  shelter  it 
may  not  be  possible  to  provide  space  for  a 
byg  ,ss,  no  matter  how  small  the  additional 
space  might  be. 


7-6  EFFICIENT  LIGHTING  SYSTEM 

The  heat  generated  by  an  inefficient  light¬ 
ing  system  places  an  added  burden  on  (lie 
air-cooling  system.  However,  it  is  not  always 
possible  to  choose  f he  most  efficient  lighting 
system  because  of  other  factors  that  must  be 
considered.  Although  lluorcscenl  lamps  have 
the  advantages  of  high  luminous  efficiency, 
low  hca'  generation  rate,  and  long  life. .they 
produce  objectionable  radio-frco hoiks  intcr- 
fctcncc  unless  equipped  with  specialized 
shielding.  Incandescent  lamps  are  less  efficient 
and  have  a  shorter  life  under  normal  operating 
conditions  but  they  have  the  advantages  that 
they  are  not  an  inherent  source  of  radio¬ 
frequency  interference  and  do  not  produce 
visible  flicker.  The  acceptability  ul  incandes¬ 
cent  lamps  is  increased  by  proper  lotncr 
design.  Louvers  in  a  lampshade  or  housing  can 
enhance  natural  convection,  aiding  the  dis¬ 
sipation  ot  heat  and  miking  r  !c  .s  objection¬ 
able  for  one  to  be  ch-s  io  an  incandescent 
lamp. 
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CHAPTER  8 


CRITERIA  FOR  SELECTION  OF  ENVIRONMENTAL  CONTROL  UNITS 


8-f  INTRODUCTION 

The  factors  winch  govern  the  selection  of 
environmental  control  units  are  discussed  in 
tim  chapter.  The  primary  considerations  are 
tile  heating  and  cooling  capacities,  and  the  air 
flow  requirements.  Following  a  tentative 
selection  on  the  basis  of  these  requirements, 
other  lactors  to  be  considered  include  spatial 
and  structural  limitations,  power  and  other 
electrical  requirements,  and  transport  con¬ 
siderations. 

The  general  objectives  that  guide  the  choice 
of  environmental  control  units  and  the  design 
of  the  environmental  control  system  include: 

(1>  Layout  Compactness.  The  equipment 
should  require  as  littk  space  «s  posable,  and 
the  arrangement  should  facilitate  efficient 
performance  of  the  mission.  Ref.  I  provides 
guidance  for  meeting  workspace  require- 
merits. 

t  cl  Operational  flexibility.  It  b  desirable 
that  the  system  be  adaptable  to  a  variety  of 
missions  if  this  capability  can  be  achieved 
without  sacrificing  the  primary  mission.  This 
characteristic  also  includes  the  capability  of 
performing  a  given  mission  with  a  variety  of 
equipment  configurations.  Therefore,  opera¬ 
tional  (Ifxibaity  may  involve  the  use  of 
different  parts  of  a  system  for  different 
missions,  as  well  as  interchangeabdity  of 
components. 

(31  Transportability.  The  case  of  trans¬ 
portation  hy  truck  of  tractor  should  he  as 
great  as  possible,  and  it  b  also  deswabk  that 
the  system  be  adaptable  to  other  modes  of 
transportation  by  air.  rail,  and  ship. 


(4»  Mobility  (Assembly  and  Disassembly). 
The  tune  required  to  assemble  all  components 
of  a  system  and  to  put  them  into  operation  at 
a  given  location  should  be  as  short  as  possible. 
Similarly,  it  should  take  as  little  rime  as 
possible  to  disassemble  a  system  and  prepare 
it  for  transportation.  This  characteristic  en¬ 
compasses  the  possible  redcu  -  of  tiie  num¬ 
ber  of  system  components  that  require  assem¬ 
bly.  the  simplification  of  cable  connections 
and  ductwork  that  must  be  set  up  sn  the  field 
and  the  accessibility  of  auxiliary  elements 
such  as  power  sources. 

The  final  design  should  le  arrived  at  by 
consideration  of  alternative  components  and 
configurations,  and  a  selection  of  the  most 
effective  combination  in  view  of  the  desired 
ch.  tract  eristics.  Under  some  operational  situa¬ 
tions  the  various  environmental  requirements 
for  personnel  «md  equipment  in  a  given 
application  may  not  be  mutually  compatible. 
The  designer  must  then  make  adjustments 
whkb  produce  the  most  effective  system 
within  the  limitations. 

8-2  PERFORMANCE  REQUIREMENTS 

8-2.1  DETERMINATION  Of  REQUIRE 
MEMTS 

The  first  step  in  selecting  environmental 
control  equipment  is  to  calculate  the  environ¬ 
mental  control  requirements.  Then  one  can 
conduct  a  search  of  existing  military  and.  if 
nectssary.  commercial  units  which  meet  the 
design  requirements.  It  is  best  to  investigate 
several  design  concepts  and  to  choose  the  one 
most  effective  for  the  application.  The  r  ai'ia- 
tkm  of  alternative  deagns  may  require  a  test 
program  to  demonstrate  which  of  the  con¬ 
cepts  is  best  suited  to  the  requirements.  A 
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j-S-i-.  1,'*.  ^  rt  ,*  test  CW%>j7*Kt 

f-«4  i  Ht  cr.imj<?;  a.  v<  thr*  rm  «*ta«iirfs4^J 
units  it'O^tk'fevi  t»»J  gi.rft  jppiHj- 
&jtt.  i*  gn^a  in  Ket  . 

far  l  -  !  Appendix  (  .  outlines  the  procc- 
du«„  for  determining  environmental  control 
requirements.  and  par.  <  -5.  Appendix  i. .  yves 
an  example  of  air  conditions  selection 

Although  Army  regulations  specify  <Chap~ 
ter  I )  the  requirements  io  be  met  by  environ¬ 
mental  control  systems,  it  is  necessary  also  to 
take  into  account  any  special  requirements 
that  might  be  imposed  by  the  application.  For 
example,  the  activities  which  take  place  ir.  the 
controlled  space  may  demand  more  than 
normal  alertness  from  the  operators,  and  the 
rate  o.r  loss  of  alertness  when  exposed  *e-  the 
limiting  environmental  conditions  allowed  by 
Army  regulations  may  be  unacceptably  high. 
Another  example  is  provided  by  activities 
requiring  a  special  degree  of  cleanliness  which 
would  be  incompatible  with  an  environment 
conductive  to  high  perspiration  rates.  Under 
such  conditions,  one  should  design  not  merely 
for  tolerability,  but  for  maintenance  of  the 
more  ideal  conditions  needed  for  the  required 
level  of  performance. 

8-2.2  COMBINED  HEATING  ANO  COOL 
ING  UMTS  VS  SEPARATE  UNITS 

in  some  cases  it  Is  preferable  if  heating  and 
cooling  requirements  can  be  met  with  a  single 
environmental  control  unit  the  su  of 

separate  systems  usually  complicates  the  de¬ 
sign  of  the  air  distribution  system,  ft  also 
complicates  the  automatic  temperature  con¬ 
trol  system,  adds  to  maintenance  problems, 
and  increases  the  logistic  support  burden.  The 
cost  of  a  unit  which  combines  heating  and 
cooling  functions  will  probably  be  lower  than 
the  cost  cf  separate  devices  suitable  for  the 
s- me  application. 

The  advantages  of  units  combining  heating 
and  cooling  do  not  apply  to  aB  circumstances, 
however.  In  some  applications,  heating  may 
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■out  compared  5<_-  a  unit  that  provides  i.oot- 
s-v  only  would  in  a  i/satHinUgc  l.ven 
under  these  .ireumsUiices.  bowerer  Array 
j  emulations  would  require  one  so  use  the 
standard  dual-purpose  environmental  vontre-i 
units  unless  adequate  justification  can  be 
give*,  fur  «?-*..:iywg  'mnstandaru  unit  which 
provides  cooling  o>Uy.  Another  type  o!  situa* 
ttcr  axbt-  die'}  the  standard  environmental 
cor.tteJ  ure:  that  meets  the  tooling  require* 
meat  f«k  short  of  fulfilling  the  heating 
requirement  at  extremely  low  external  am¬ 
bient  temperatures.  In  such  cases  it  may  be 
necessary  to  supply  s  supplementary  heater. 
One  should  mo  consider,  however,  whether 
the  low  heating  capacity  could  be  adequately 
compensated  by  outfitting  personnel  with 
arctic  clothinfe.  This  measure  would  be  ac¬ 
ceptable  only  if  compliance  with  human 
factors  requirements  could  be  assured  tor 
personnel  to  perform  their  tasks  while  wear¬ 
ing  arctic  gear.  Another  possibility,  if  it  is 
established  that  a  supplementary  heater  is 
needed  dttsng  a  large  fraction  of  the  operat¬ 
ing  time,  b  to  choose  s  heater  capable  of 
meeting  the  entire  heating  requirement  and 
omitting  use  of  the  heater  ir,  the  cooling  unit. 


8-2.3  NONSTANDARD  UNITS 


I*  is  probably  feasible  to  meet  yll  envtTO.o- 
nwtriaj  cumrot  requirements  that  arc  likely  to 
be  encountered  in  mobile  military  structures 
by  the  use  of  existing  cRvtremmcnijd  control 
equipment.  The  situation  will  improve  as 
more  of  the  units  now  being  planned  or  under 
development  become  avadaofe  However, 
cases  may  be  encountered  in  which  the  design 
could  be  improved  substantially  with  a  new 
item;  and  there  may  also  be  special  environ¬ 
mental  control  problems  which  cannot  be 
solved  acceptably  with  any  existing  equip¬ 
ment.  In  such  cases,  tt  fe  aes-efc-My  to  prepare 
speafkatiom  for  the  equipment  needed  and 
to  initiate  procurement  in  accordance  with 
established  military  procedures’  * . 


§3  suers**!.  use*  r*  mm 

8-3.1  ROWER-5URRLY  CHARACTERS 
TICS 

environmental  toatvoi  units  of  each  capac¬ 
ity  fating  arc  usually  available  in  models 
having  different  electrical  characteristics. 
Most  of  the  standard  units  arc  designed  for 
operation  at  208  V.  although  souk  smaller 
units  arc  available  m  I )  5-V  models.  I  he 
power  frequencies  are  either  60*Hz  (I  or  3 
phases  i  or  400-Hz  <3  phise).  Most  combus¬ 
tion  heaters  have  fans  w&kh  operate  on  direct 
current,  at  24  V. 

Compared  with  60-Hr  power  sources. 
-tfKMf?  source  h»s»  the  advantwf^s  of  greater 
simplicity  and  higher  power-io-wsi^it  ratio. 
Thcrcftyre.  there  has  been  a  trend  toward  the 
development  ami  use  of  400-Hz  equipment 
and  power  sources  for  transportable  applica¬ 
tions.  When  a  400-Hz  primary  source  is  used, 
it  would  be  preferable  if  all  of  the  AC 
electrical  equipment  could  be  operated  direct¬ 
ly  from  *be  source.  However,  if  it  is  necessary 
to  use  some  devices  that  operate  from  60- He 
sources  only,  solid  rtatc  frequency  converters 
can  be  installed  to  convert  the  400-Hr  pri¬ 
mary  power  to  60-Hz  primary  power.  (A 
mote  complete  discussion  of  the  relative 
advantages  of  different  power  sources  may  be 
found  in  Ref.  5.) 

8-3.2  ROWER  RATING 

Power  considerations  are  an  important 
aspect  of  selection  criteria,  and  they  may 
sometimes  be  the  deciding  factor  for  the 
choice  of  environmental  control  units.  The 
would  be  the  case,  for  example,  if  there  were 
tittle  difference  in  the  heating  and  coding 
performance  of  the  different  units  under 
consideration  and  they  differed  little  in  other 
respects  also,  except  that  u-.'e  of  them  re¬ 
quired  substantially  less  power  than  the 
others.  Choice  of  the  unit  with  low  power 
requirements  might  make  it  possible  to  use  a 
smaller  primary  power  umt  for  the  entire 
system.  If  the  difference  in  power  require¬ 
ments  were  not  great  enough  to  permit  t*c  of 


*  v-sasks  fiXSkgiy  v&sarcx  ifisssc?  vi  ftt 
rtmJonsatnt«i  s.i jsskftx  auar  tb»r  s wvnt 

p->wTT  requirements  would  tuw  tin  teqsw*- 
tant  mifinlip:  that  the  primary  power  umt 
would  then  lave  more  excess  power  capa¬ 
bility.  This  consideration  &  esprviaHy  impor¬ 
tant  for  newly  developed  structures  which 
inevitably  grow  m  applications  and  opera¬ 
tional  demands  after  they  are  used  ui  field 
operations. 

Air  conditioners  create  a  large  lagging 
power  factor  that  adds  significantly  to  the 
ioad  ol  the  primary  power  vcsice.  Although 
the  power  factor  can  be  Lxreased  by  the  use 
of  compensating  capacite.rs,  these  would  in¬ 
crease  the  severity  or  erecmcai  transients. 

8-3.3  ELECTRICAL  INYEREEREfiCE 

It  is  important  to  determine  whether  the 
environmental  control  units  under  considera¬ 
tion  are  likely  to  create  transients  of  suffi¬ 
cient  severity  to  interfere  with  electronic 
apparatus  operating  from  the  same  pe^cr 
supply.  Chapters  4  and  &  discuss  the  features 
incorporated  into  standard  military  units  to 
prerer*  Kef  6  sp'^iOrf 

the  requirement,  that  must  be  met  by  mili¬ 
tary  equipment  with  regard  to  the  emission 
c*r,  and  susceptibility  to.  electromagnetic 
intair -trace. 

84  RHV8ICAL  LIMrr ATK3N8 

The  feasibility  of  mounting  the  environ- 
rental  control  equipment  in  the  structure 
and  attaching  power  cables,  control  circuitry, 
fuel  lines,  and  ductwork  provide  additional 
criteria  for  the  selection  of  units. 

A  review  of  Chapter  2  will  aid  in  selecting 
the  type  of  installation  cres  suitable  for  the 
application.  The  information  in  Chapter  9  will 
also  hdp  at  the  evaluation  of  different  instal¬ 
lation  configurations. 


Rotate  that  need  to  be  considered  include 
tti  Is  space  available  for  the  unit? 
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aaae* 


t 2}  Which  mounting  configuration  snakes 
the  best  use  uS  available  space*-’ 

1.1)  Is  the;  structure  strung  enougn  to  sup¬ 
port  the  untf 

(4)  U  the  unit  compatible  with  the  air 
distributing  system'’ 

t5)  Will  the  controls  be  conveniently  acces¬ 
sible'’ 

(6)  Can  maintenance  be  performed  satis¬ 
factorily1’ 

(7)  Will  noise  level  of  installation  interfere 
with  operations? 

IS  TRANSPORTATION  LIMITATIONS 
fr&l  MOBILITY 

Before  a  final  selection  is  made,  it  » 
necessary  to  consider  how  the  unit  affects  the 
tmraportabfltty  of  the  structure  on  which  it  n 
"vn**nted  T*z  jars  jl-ii-Ti-  CS-  isk 

Chapter  4  and  6  may  be  hripful  in  adsat 
this  final  evaluation.  Weight,  sine,  and  pro- 
virion  of  lift  and  Ue-down  devices  are  among 
the  factors  which  jITfd  msbgay. 


From  the  mobility  point  of  view  it  would 
be  desirable  if  the  environmental  control 
system  required  nothing  more  than  routine 
preparation  for  transport.  This  might  include 
such  operation*  as  rimtuageff  power,  dosing 
fuel  lines,  cloriug  vents,  and  covering  extemri 
components.  Such  routine  preparatiom  will 
suffice  oaiy  foe  units  which  are  permanently 
mountad  on  the  structure.  More  time  and 
effort  are  required  to  prepare  for  transport 


when  th»r  env  submenu;  ^«witr<j|  swiilv  are 
mounted  reroute  boro  the  structure  then.  it 
a  necessary  to  d^Snik-  power  hoes  and 
ductwork  and  to  store  these  items  TV 
remote  unit  must  itvdJ  be  ^spared  for 
transport.  A  trailer-mounted  uml  might  not 
require  much  ellort.  but  a  skid-mounted  unit 
requires  that  a  transport  vehicle  be  available 
and  that  provisions  be  made  lor  loading  the 
unit. 

The  relatr.e  importance  of  transport  rsz 
« derations,  compared  to  those  discussed  m 
preceding  paragraphs,  depends  on  the  impor¬ 
tance  of  mobility  in  the  given  application 
The  more  often  transportation  is  expected  to 
take  place,  the  greater  will  be  the  importance 
of  mobility  condderations. 

*&2  VIBRATION 

One  of  the  major  fact  ors  r  be  considered 
is  vibration  both  of  the  environmental  con¬ 
trol  units  ind  of  the  transporting  vehicle 
Compliance  with  the  Military  Specifications 
**S3t  vibration  provides  reasonable  UHimcr 
that  the  internal  components  of  environ¬ 
mental  control  units  will  withstand  the  vibr»- 
t  ion-inducing  forces  of  military  transport.  The 
units  themselves  are  usually  installed  in  a 
structure  with  fixed  attachments  father  than 
with  vibration-absorbing  connections.  How¬ 
ever,  shock-mounting  can  be  employed  in 
cases  where  vibrations  transmitted  from  the 
environmental  control  unit  to  the  struc¬ 
ture  and  thence  to  other  equip¬ 
ment  would  be  intolerable,  finally,  it  » 
necessary  to  consider  the  capabilities  of  the 
transporting  vehicle.  Excessive  vibration  am¬ 
plitudes.  capable  of  causing  damage  to  piping 
and  other  parts  of  the  iratsSMion,  may  result 
if  the  unit  is  too  large  for  the  vehicle. 
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chapter  9 

INSTALLATION  GUIDES 


»1  INTRODUCTION 

The  purpose  of  this  chapter  is  to  provide 
vomc  guidance  for  the  installation  of  environ¬ 
mental  control  units,  ductwork,  and  other 
auxiliary  equipment  where  needed.  Some  of 
the  information,  such  as  the  paragraphs  on 
mounting  design,  applies  primarily  to  air 
conditioners,  but  most  of  it  has  general 
applicability.  It  is  assumed  that  the  requisite 
environmental  control  units  have  been 
selected;  but  in  cutes  where  one  has  a  choice 
between  several  suitable  systems,  this  chapter 
ex:  installation  may  help  in  making  the  final 
selection  between  competitive  systems. 

in  addition  to  the  paragraphs  on  the 
iMnmtng  or  eimronmcnnct  comroj  units  «St 
the  design  and  installation  of  ductwork,  other 
topics  covered  include  air  circulation  and 
distribution,  controls,  safety  considerations, 
maintenance  Provisions,  and  noise  control. 

Human  Engineering  Laboratories  Stan¬ 
dards1  may  be  consulted  tear  additional  design 
guidance  on  work  vpsces,  environmental  re 
quLrmcrrts,  maintenance  "tovajons.  and 
other'  topics  pertinent  to  tffclullatiom  in  mill- 
*ary  *.t*  actum.  Manufacturer*  of  environ¬ 
mental  ci-n!rol  units  sometimes  include  instal¬ 
lation  dsts  in  then  pubEcatiom.  such  as  Ref. 
2. 

9-2  GENERAL  ARRANGEMENT  Of  «N- 
VtRONMENTAL  CONTROL  SYSTEM 


9*2.1  CHOICE  BETWEEN  FREE  WS- 
CHARGE  AND  DUCT  SYSTEM 

Most  military  shelters  and  other  smalt 
mobile  structures  arc  smafi  enough  so  that 
little,  if  any.  ducting  is  needed  for  proper  m 


distnbHtioii.  However,  military  vans  and  large 
structure.)  do  require  ductwork 

There  arc  cases  m  which  the  environmental 
control  requirements  can  be  met  by  a  com¬ 
bination  of  free  discharge  and  1«j£  use  of 
ductwork.  This  situation  may  arise,  for  ex¬ 
ample.  if  the  personal  area  is  small  enough  to 
be  ventilated  properly  without  use  of  duct¬ 
work,  while  there  may  be  equipment  cooling 
requirements  which  can  be  met  more  effi¬ 
ciently  by  ducting  air  directly  from  the  air 
conditioner  to  the  equipment  land  exhausting 
directly  to  the  atmosphere)  In  such  cases,  the 
capacity  of  the  unit  must  equal  the  total  load. 
2D**  an  appropriate  fraction  of  the  outlet  grille 
is  ducted  *o  the  cauipment  to  be  cooled. 

9-2.2  LOCATION  Of  ENVIRONMENTAL 
CONTROL  UNITS 

One  of  the  first  things  to  be  decided  s.n 
pianning  an  installation  is  the  location  ol  the 
environmental  control  unit.  Some  of  the 
factors  that  must  be  considered  are  indicated 
in  the  paragraph*  which  fellow.  It  will  be 
helpful  to  review  Chapter  2.  which  describe*, 
air  conditioner  installations.  It  will  also  f 
helpful  to  consult  other  paragraphs  ot  tko 
chapter  in  which  the  factors  mentioned  below 

(I)  Air  Circulation.  The  way  tn  which  thr« 
factor  affects  the  location  of  the  environ¬ 
mental  control  unit  depend*  mainly  on 
whether  the  conditioned  air  is  to  be  delivered 
through  free  d*cha?£c  from  the  unit  or 
through  a  duct  system.  When  using  the 
fret-disc  barge  method.  th«  unit  must  be  lo¬ 
cated  m  that  the  asr  will  circulate  where 
required  without  exposing  personnel  to  ***jh- 
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vefwvcits  m  stfcaiTfe  *1  «-!  tk^trs»>fr  ;k*i  c» 
velocities  ^was!  p-r>  -r,r,<!  he  icss  Uun  > 

It  rmn,  and  velocities  should  not  exceed  Ha; 
It.  nun  When  j  jiuvt  v><-n-iii  t>  uvd  tin-  unit 
may  be  fovatecf  in  a  relatively  unexposed 
position  governed  b>  the  design  <d  thr  dud 
work 

tJt  i  omfutlibiliti  »tth  Location  »»/  uOnr 
Equipment  Vans,  shelters  and  other  mobile 
systems  are  usually  loaded  with  cquinmem. 
thus  rcstnetwg  the  ideation  of  the  environ- 
mental  control  tmit  It  is  highly  desirable  that 
the  environmental  control  engineer  partici¬ 
pate  in  the  design  of  the  whole  system  so  that 
environmental  control  considerations  will  re¬ 
ceive  due  attention  along  with  the  functional 
requirements  of  the  equipment  and  the  pei- 
sonrtei  operating  it.  This  is  particularly  true  if 
the  equipment  itself  requires  temperature 
control  tor  any  other  type  of  environ*. -4?iu«i 
control).  !t  is  usually  necessary’  to  trade-off 
optimum  electronic  equipment  location  with 
climate  control  equipment  requirements. 

(3)  Maintenance.  The  environmental  co»> 
f!el  unit  should  be  located  so  that  mainte¬ 
nance,  partKsnkij  tb?  routine  tasks,  can  be 
performed  as  conveniently  as  possible. 

(4)  \oise  Control.  Occasionally  it  is  pos¬ 
sible  to  achieve  s  measure  of  noise  control 
simply  by  the  judicious  location  of  the 
environmental  control  unit.  For  example,  one 
should  avoid  ?oc*tin*  the  unit  near  an  area 
where  personnel  will  be  working  the  farthc 
the  unit  is  from  work  areas,  the  easier  it  will 
be  to  reduce  the  noise  to  an  acceptable  level. 


*2.3  TYPICAL  SYSTEM  LAYOUTS 

Fig.  9-!  illustrates  five  trailtr-tyjv  applica¬ 
tions  of  environmental  control  systems.  In  the 
amntement  of  Fig.  9- HA),  ductwork  is  used 
to  bring  cool  atr  directly  from  the  air  condi¬ 
tioner  to  equipment  and  work  areas  which 
require  cooling;  air  which  has  pawed  through 
the  equipment  racks  mixes  with  air  in  the 
work  area*  and  returns  to  the  environmental 
control  unit  by  way  of  a  passageway  A 


d.  *vi  -I  fbr*  jff •  .ji  tt*e 

’.cited  m  Scjv»j,r  ifn  tacks  ciUtv  tne  px  t 
MrfifKl  thereby  tending  ?>.  increase  the 

j.tsui  *  sirthrtmorc  fu-alrd  atr  tends  t»’ 
me  *'ut  :n  this  arrangem*  nt  the  wars*  return 
an  •«  txpt-cUd  S  *  *  .eve  i  >ii/ont.Uly  at  a  iow 
k-vvl  A  K-tt-.r  arrangement  is  shown  m  fig 
“*  HHi  Mere  the  ‘upply  air  enters  the  perstin- 
ncl  .oca  through  a  perforated  veiling  enters 
equipment  racks  at  the  bottom  and  flows 
upward  through  then;  into  th>  return  asf 
duets  I  he  arrangement  shown  in  Fig  *Mi(  ) 
is  similar  to  the  one  m  Fig  4MlBl  except 
that  the  division  ut  the  space  above  the 
perforated  cedi  g  into  separate  compartments 
supplied  by  individual  duds  .helps  to  guaran¬ 
tee  uniform  deliver  of  supply  an  I  be 
arragement  shown  m  fig  'Milk  is  suitable 
when  the  space  to  be  -  ondi turned  ,s  relatively 
open  instead  of  being  obstructed  by  equip- 
ment  I  he  perforated  ceding  nelps  *«•>  distrib¬ 
ute  the  supply  an  evenly  and  the  natural 
tendency  <>t  the  cool  ait  t«  n-.—r  downward 
supports  circulation  The  arrangement  ,n  f  ig 
■'•ill: >  i'  a  variant  cn  tne  one  m  Fig  ''-MB' 
with  the  air  used  to  cool  the  equipment  rack' 
exhausted  directly  to  ou  outside  ITfus  o 
better  than  recycling  the  air  when  the  temper- 
r*-*re  me  through  the  equipment  racks  is  so 
higfi  that  it  wiruid  ttu-tcasc  the  required 
cooling  capacity  of  the  environmental  cwtro.' 
units 

Figs.  n-2  ind  9-t  show  typical  heating  and 
air-conditionm  installations  in  a  semi-trailer 
the  first  with  vertical  heat  ducts  the  second 
with  honrontal  heat  ducts.  Cooling  air 
supplied  through  a  perforated  ceiling  and 
return  it  *ough  the  heat  ducts 

*3  MOUNTING  DESIGN 
*3.1  TYPES  OF  MOUNTING 
*3,1.1  INTRODUCTION 

The  various  types  of  environmental  control 
umi  installations  were  illustrated  and  dis¬ 
cussed  in  Chapter  T  In  this  paragraph,  mount¬ 
ing  and  attachment  methods  are*  covered  in 
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Figure  9- 1.  Typical  Air  Distribution  Arrangements  fer  Trailers  (1  of  3) 

(Courtesy  of  Ellis  and  Watts  Co. ) 
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Figure  9 ■  1.  Typical  Air  Distribution  Arrangements  for  Trailers  (2  of  3) 

(Courtesy  of  edit  and  Watts  Co.) 
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Figure  9- 1. 


Typical  Air  Distribution  Arrangements  for  Trailers  (3  of  3) 
(Courtesy  of  Ellis  and  Watts  Co.) 


greater  detail.  For  convenience,  tire  structure 
being  controlled  is  often  referred  to  as  a 
shelter;  but  it  should  be  clear  that  most  of  the 
information  is  applicable  to  other  mobile 
structures  also,  such  as  vans  and  trailers. 

9-3. 1.2  THROUGH-THE-WALL  COUNTING 

Fig.  9-4  illustrates  a  type  of  mounting 
suitable  for  relatively  small,  one-piece  u/vts. 
The  unit  is  held  firmly  in  place  by  a  frame 
which  surrounds  the  unit  at  the  wall  of  the 
shelter  and  a  bracket  which  supports  the 
external  overhang.  It  is  necessary  to  cut  a  hole 
in  the  ’  all  large  enough  for  the  entire  unit  to 
pass  through.  Condensate  is  removed  by  a 
tube  connected  to  one  of  the  drain  connec¬ 
tions  which,  in  units  of  the  compact  family 
(Table  3-1),  arc  located  on  the  front,  back, 
and  sides.  This  type  of  mounting  is  also 
shown  in  Fig,  7-1. 

Fig.  9-5  shows  a  method  of  installation, 
applicable  to  small  integral  air-conditioning 
units,  in  which  the  mounting  is  made  through 


the  shelter  door.  This  type  of  mounting 
provides  free  access  to  the  unit  for  mainte¬ 
nance,  and  it  frees  wall  space  for  other  uses. 
The  door  hinges  must  be  properly  designed  to 
provide  adequate  support  for  the  additional 
weight  of  the  environmental  control  unit; 
otherwise,  the  door  will  eventually  be  dis¬ 
torted.  Objections  to  this  type  of  installation 
are  that  it  is  cumbersome  to  open  and  close 
the  door,  and  the  electrical  power  cable  may 
become  fatigued  by  repeated  bending. 

9-3.1. 3  EXTERIOH  MOUNTING 

Exterior  mounting  is  most  commonly  used 
in  larger  shelters,  where  the  environmental 
control  units  may  be  heavy  and  bulky,  and  it 
is  nonetheless  desirable  to  transport  them  as 
an  integral  part  of  the  shelter.  The  maximum 
permissible  width  of  vehicles  for  the  various 
modes  of  transportation  generally  limits  ex¬ 
terior  installation  of  environmental  equip¬ 
ment  to  the  front  or  back  of  the  shelter.  The 
units  also  can  be  supported  on  a  platform 
attachco  to  the  outside  wall  of  the  shelter. 
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Figure  94,  Through- thewei/  installation  of  Air  Conditioners 
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Figure  9-5.  Dour-mounted  Environmental 
Control  Unit 7 

(Courtmy  ul  T ratio  Cornpr.iy) 

Openings  arc  cut  in  the  shelter  wall  for  supply 
and  return  air  connections  as  required.  The 
trailer  nose  installation  as  shown  in  the 
middle  pholograph  of  Fig.  2-7  is  typical. 

Fig.  9-6  illustrates  an  exterior  mounting,  in 
which  the  frame  is  hinged,  permitting  the 
units  to  be  sv/ung  out  90  deg  for  servicing. 

Fig.  9-7  illustrates  the  exterior  mounting  of 
a  large  air  conditioner  which  is  enclosed  by  a 
detachable  frame. 

3-3. 1.4  INTERIOR  EXTERIOR  MOUNTING 

I  nvironmental  control  units  of  multiple- 
unit  de  ign  can  be  mounted  with  the  evapora¬ 
tor  section  inside  the  shelter  and  the  con¬ 
denser  section  outside  the  shelter.  An 
advantage  of  this  arrangement  is  that  only 
relatively  small  holes  need  be  cut  m  the 
shelter  wall;  holes  are  needed  for  the  fresh  air 
inlet  and  the  refrigerant  lines  and  power 
cables.  This  type  of  mounting  is  illustrated  in 
Figs.  9-8,  9-9,  and  9-10. 

.scveial  views  of  an  interior-exterior  mount¬ 
ing  of  a  fivi  -section  multiple  unit  are  shown 
in  Fig.  9-1  1(A,  B,  and  C).  Fig.  9-1 1(A)  also 
illustrates  the  floor  mounting  of  a  heater. 


9-3. 1.5  RETRACTABLE  MOUNTS 

A  special  type  of  through-the-wall  mount¬ 
ing  employs  a  telescoping  sail  support,  as 
shown  in  Fig.  9-12,  which  permits  the  unit  to 
be  retracted  into  the  shelter.  The  clearance 
between  the  unit  and  the  shelter  can  be  closed 
by  a  flexible  canvas  or  rubber  boot,  If  the 
unit  is  connected  to  ductwork,  a  flexible  or 
removable  section  must  be  provided  to  ac¬ 
commodate  the  movement  of  the  unit.  This 
arrangement  permits  the  sheltei  users  to  move 
the  environmental  control  unit  outside  the 
shelter  when  in  use,  thus  freeing  usable  space 
inside  the  shelter.  When  not  in  use,  and  when 
in  transit,  the  unit  may  be  retracted  into  the 
shelter  and  the  opening  covered  by  a  door  or 
flap. 

Another  example  of  a  retractable  mounting 
is  shown  in  Fig.  2-3. 

9-3.1. 6  HEATER  MOUNTING 

The  mounting  of  heaters  in  mobile  struc¬ 
tures  is  usually  quite  simple.  Hi  most  cases, 
the  heating  unit  is  mounted  inside  the  struc- 
tuie,  either  resting  on  the  floor  or  on  a 
convenient  shelf.  Several  heater  installations 
were  illustrated  in  Figs.  2-1  and  2-2.  Addi¬ 
tional  examples  arc  given  here  in  Figs.  9-13 
through  9-17.  These  show  more  clearly  the 
use  of  brackets  to  keep  the  units  in  place; 
they  also  illustrate  fuel,  exhaust,  and  power 
connections. 

9-3.2  VIBRATION  CONTROL 

It  is  estimated  that  9991  <*of  all  air  condi¬ 
tioners  used  in  mobile  military  structures  arc 
hard-mounted.  Antivibration  provisions  with¬ 
in  the  air  conditioners  reduce  the  intensity  of 
vibrations  transmitted  to  the  structure,  so 
that  there  usually  is  no  interference  with 
satisfactory  operation  of  other  apparatus 
mounted  in  the  structure.  However,  rubber 
gasketing  is  frequently  used  because  it  is 
convenient  to  apply  and  it  does  reduce 
vibration  to  some  c:  lent. 

In  the  ease  of  through-the-wall  mountings. 


Figure  9-6.  Hinged  Air  Conditioner  Mounting  Which  Permits  Swinging  Out  for  Serwcmg- 
(This  driving  does  not  necessarily  represent  the  latest  design  techniques  a  >d  is  shown  for  information  only.) 
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Figure  9-7.  Large  Air  Conditioner  Mounted  on  Van  With  Detachable  Frame 
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(This  photograph  is  for  information  only  and  should  not  be  used  as  a  criterion  for  the 

doslgn  of  similar  installations.) 


a  clearance  between  the  outside  enclosure  of 
the  environmental  control  unit  and  the  hole 
through  which  it  passes  helps  to  prevent  the 
transmission  of  vibration  to  the  shelter  struc- 
irc.  This  is  illustrated  in  Fig.  9-! 8.  The  unit 
is  centered  in  the  hole  and  bolted  to  the  floor 
of  the  shelter  or  onto  a  platform  provided  for 
the  purpose.  The  opening  may  be  scaled,  as 
shewn,  by  use  of  an  aluminum  or  steel  angle 
and  rubber  gasketing.  When  units  are 
mounted  on  a  frame  attached  to  the  shelter 
wall,  a  vibration  absorbing  gasket  should  also 
be  used  between  the  bottom  of  the  unit  and 
the  top  of  the  frame,  as  indicated  in  Fig.  9-4. 

9-3.3  EXTERNAL  CONNECTIONS 

9-3.3. 1  ELECTRICAL  CONNECTIONS 

Military  environmental  control  units  are 
provided  with  power  cables  or  terminals 
which  can  be  conveniently  connected  to  the 
power  source.  In  the  case  of  air  conditioners. 


power  cables  arc  usually  attached  to  the  back 
of  the  unit  with  MIL-STD  connectors,  but 
alternative  connections  are  also  available  at 
the  sides  of  the  unit. 

The  control  panel,  which  is  mounted  in  the 
front  of  air-conditioning  units,  may  be  re¬ 
moved  for  remote  mounting.  Control  cable 
assemblies  are  available  for  extending  the 
control  circuits  from  the  unit.  If  the  control 
panel  is  removed  foi  remote  mounting,  the 
opening  should  be  closed  with  a  block-off 
plate  provided  for  the  purpose.  Also,  the 
sensing  bulb  of  the  thermostat  must  be  placed 
in  the  return  air  stream. 

When  making  interior-exterior  installations 
of  units  designed  to  be  installed  with  the 
evaporator  section  inside  the  shelter  and  the 
condenser  section  outside,  power  connection 
between  the  two  components  is  made  with 
MIL-STD  connectors.  This  is  illustrated  in 
Figs,  9-8  and  9-10,  Fig.  9-|9  illustrates  how 
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Figure  9- 11  Heater  Mounted  on  Floor 
of  Shelter 

(This  photograph  ks  for  information  only  and 
shooki  not  be  used  as  a  criterion  for  the 
design  of  similar  imtadatsone.} 

the  power  cable  can  be  passed  between  the 
condenser  fan  and  evaporator  fan  sections  for 
the  type  of  installation  shown  in  Fig.  9-11. 


In  Ref.  4  it  is  recommended  that  power¬ 
generating  equipment  be  located  exterior  to 
shelters  instead  of  being  made  an  integral  part 
of  them,  internal  location  of  power  units 
would  increase  the  difficulty  of  controlling 
noise,  vibration,  and  toxic  fumes.  Other  con¬ 
tributing  factors  are  space  limitations,  logis¬ 
tics.  cost,  and  the  re!  .e  difficulties  of 
providing  fuel-supply  and  engine-exhaust 
systems.  When  several  pieces  of  electrical 
equipment  (e.g.,  air  conditioner,  heater.  C8 
filter  unit)  must  be  connected  to  an  exterior 
power  supply,  consolidation  of  controls  into  a 
common  control  box  will  simplify  cabling 
which  must  be  passed  through  the  shelter  wall 
and  conserve  space  inside  the  shelter. 


H3.2  CONDENSATE  DRAIN 

A  condensate  drain  tube  should  be  con¬ 
nected  between  tir-condit  ioning  units  and  the 
exterior  of  the  shelter.  A  trap  should  be 
included  next  to  the  unit,  as  shown  in  Fig. 
9-20.  if  there  is  only  one  condensate  drain, 
the  connection  should  be  made  to  it.  If  there 
is  more  than  one  condensate  drain  as  in  the 
case  of  vertical  compact  units,  the  connection 
should  be  made  to  at  least  three  of  the  four 
drains  provided. 

Depending  on  the  climatic  conditions  and 
the  site  of  the  unit,  the  amount  of  condensate 
may  be  considerable  -  measured  at  the  rate 
of  1 0’s  of  gallons  per  24  hr  of  operation. 


*3.3.3  FUEL  AND  EXHAUST  CONNEC¬ 
TIONS 

( 1 )  Fuel  Connections. 

Fuel  tanks  for  combustion  heaters  should 
be  so  located  as  to  avoid  loading  the  fuel 
pump  unnecessarily.  The  distance  between 
the  tank  and  the  pump  should  be  2s  short  as 
possible  and  the  connection  tube  should  be  of 
adequate  diameter,  in  particular,  the  tank 
should  1.0!  be  too  low  with  respect  to  the  fuel 
pump.  If  it  is  located  above  the  heater,  the 
tank  should  have  a  top  outlet,  which  should 
be  provided  with  an  anti-siphon  device.  If  two 
heaters,  each  having  its  own  fuel  pump,  are 
connected  through  a  tee  to  a  common  line 
from  the  fuel  tank,  the  line  between  the 
pumps  should  be  of  adequate  diameter  to 
prevent  the  operation  of  one  pump  from 
interfering  with  the  operation  of  the  other. 
With  a  tee  arrangement,  if  the  line  between 
pumps  is  too  small,  it  is  possible  for  the 
operation  of  one  pump  to  prevent  functioning 
of  the  other. 

Fuel  intake  fittings  should  not  protrude 
from  wall  exteriors  where  they'  arc  highly 
susceptible  to  damage  during  loading,  un¬ 
loading.  and  transport.  Detail  A  m  Fig. 
illustrates  a  method  of  recessing  the  con¬ 
nections. 
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Figur*  9- 14.  Floor-mounted  Space  Hcatcf  With  Quick-ddconnect  Fuel  Adapter 

(Thu  photograph  it  for  information  only  and  ahcuid  not  be  need  at  a  criterion  tor  the 
detsgn  of  similar  installations  / 
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Figaro  9-  tS.  Space  Hatter  Mounted  on  Floor  of  Shelter 
photograph  it  for  information  only  and  should  not  lx?  tiled  a»  a  criterion  >or  the  design  ot  similar 

installations  I 
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Figure  9 •  18.  Clearance  for  Vibration 
Control  in  Througft-the-  wall 
Installation 
iCourmn  c*  Tnm  Campany) 

(Tbit  drawing  does  not  noc eamrity  rapnmant 
tbs  latest  design  techniques  and  is  thc~*t 
for  information  only.} 

( 2)  Heater  Exhaust  Line. 

The  exhaust  line  of  a  combustion  heater 
used  in  a  mobile  system  may  consist  of  a 
galvanized  pipe.  It  is  passed  through  the  wall 
of  the  structure  and  then  usually  turned 
vertically  upward,  so  that  the  exhaust  gases 
are  ejected  upward  into  the  atmosphere.  This 
helps  prevent  a  high  level  of  contamination  in 
the  air  near  ground  level.  The  outlet  end  of 
the  pipe  should  not  be  near  any  fresh  air 
intakes  or  windows  and  doors.  The  exhaust 
tine  should  be  as  short  as  potubie  to  keep  the 
back  pressure  to  a  minimum.  A  ventilated  air 
space  should  surround  the  exhaust  line  where 
it  passes  through  a  wall. 

It  has  been  found  tJs*  freezing  of  moisture 
which  condenses  in  the  exhaust  lute  can 
restrict  flow  enough  to  cause  trouble.  This 
can  be  prevented  by  installation  of  a  drain 
line  made  of  copper  tubing,  as  shown  in  Fig. 
9-21.  The  drain  tube  should  be  attached  to 


the  lowest  point  of  the  exhaust  pipe,  and  it 
should  include  a  U-txap  to  provide  an  air  seal. 

9-33.4  REFRIGERANT  WRING 

The  installation  of  air  conditioners  involves 
consideration  of  refrigerant  piping  only  in  the 
case  of  multiple  units  designed  for  interior- 
exterior  installation.  Such  units  are  provided 
with  flexible,  quick-disconnect  refrigerant 
lines  as  shown  m  Fig.  9-10.  Previsions  must  be 
made  for  passing  these  lines  through  the 
shelter  wall,  as  indicated  in  Figs.  Q-8  and  9-10. 
The  type  of  fitting  that  can  be  used  to 
connect  the  exterior  hose  to  the  interior  hose 
is  shown  in  Fig.  9-22. 


9-3.4  PROVISIONS  FOR  TRANSPORTA 
T10N 

When  the  environmental  control  units  arc 
not  in  operation,  particularly  during  trans¬ 
portation.  all  outside  air  mlets  and  outlets 
should  be  covered  for  protection.  This  in¬ 
cludes  fresh  air  inlets  in  the  shelter  wall,  as 
well  as  exterior  components.  Fig.  9-23  illus¬ 
trates  the  use  of  canvas  covers  and  shutters 
for  this  purpose. 

The  telescoping  rail  type  of  installation 
described  in  par.  9-3. 1.5  allows  the  entire  unit 
*o  be  retracted  into  the  shelter  during  transit 


94  AIR  DISTRIBUTION  AND  CIRCULA 
TtON 

94.1  INTRODUCTION 

There  are  several  important  factors  which 
must  be  considered  when  designing  the  air 
circulation  and  distribution  system  for  en¬ 
vironmental  control  of  portable  shelters.  The 
quantity,  temperature,  and  humidity  of  the 
air  supply  are  the  first  considerations.  Having 
determined  these,  the  design  engineer  can 
then  determine  the  physical  characteristics  of 
the  environmental  control  equipment  and  the 
size  and  location  of  ducts  and  registers  to 
deliver  the  air  in  the  desired  condition. 
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Figure  9- 19.  Method  of  Passing  Power  Cahfe  Between  Condenser  and  Evaporator 
Sections  of  Multiple- unit  Installation 
(See  Figure  9- ft  for  complete  installation.  I 


(This  drawing  dom  not  necessarily  represent  the  latest  design  technkjtm  and  a  shown 

for  information  &tly.l 


The  function  of  the  air  distributing  system  B4.2  AIR  DISTRIBUTION  SYSTEMS 
is  to  promote  uniformity  of  conditioned  air 

within  the  space.  Condition,  at  foot  level  and  Military  environmental  control  units  are 

head  level  should  not  differ  significantly.  designed  with  louvers  in  the  discharge  air 

There  are  three  factors  which  contribute  to  openings  which  can  be  adjusted  manually  to 

distribution  of  the  air  kinetic  energy  of  the  direct  the  air  in  the  pattern  best  fitted  to  the 

primary  air  stream,  convection  resulting  Irom  application.  Howcv?».  it  is  often  necessary  to 

differences  m  temperature,  and  movements  use  ductwork  to  carry  the  conditioned  air  to 

generated  by  the  continuous  introduction  and  the  equipment  and  spaces  where  it  is  needed 

withdrawal  of  air.  These  factors  are  strongly  When  ductwork  is  used,  the  louvered  grilles 

influenced  by  the  design  of  the  supply  reg-  on  the  units  do  not  sene  a  useful  purpose, 

isten.  Their  sue.  location,  spacing,  the  rate  of  and  they  are  removed  in  order  to  reduce  the 

air  flow  through  them,  and  the  direction  given  pressure  loss  If  the  ductwork  »  simply 

to  the  air  are  ail  important  facton.  an  extension  of  the  air  discharge  opening,  the 
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/ -'inure  9-20.  Method  of  Connecting 
Condensate  Drain  to 
Air-conditioning  Unit 

ICouriwy  of  T ratio  Company) 

grille  removed  from  the  unit  may  be  placed  at 
the  end  of  the  duct.  Ducts  running  to  fresh  air 
inlets  should  be  connected  to  environmental 
control  units  upstream  of  the  air  filter  in  the 
unit.  The  ductwork  should  include  an  access 
door  for  filter  removal. 

It  is  difficult  to  satisfy  the  requirements  of 
both  heating  and  cooling  operation  with  a 
single  distribution  system.  For  example,  ceil¬ 
ing  diffusers  are  quite  acceptable  for  cooling, 
but  when  used  for  heating  it  is  difficult  to 


F iguro  9  2 1.  Method  of  A  ttaching 
Condensate  Drain  to  Heater 
Exhaust  Line 

(This  photograph  it  for  information  only  and 
should  not  be  used  as  a  criterion  for  the 
design  of  timiler  installations.) 


project  the  heated  air  downward  with  suffi¬ 
cient  velocity  to  mix  properly  with  the  cool 
air  at  the  floor  level.  For  heating  conditions  it 
is  desirable  to  have  the  supply  outlets  at  floor 
level.  As  it  is  seldom  practicable  Jo  provide 
separate  distribution  systems  for  healing  and 
cooling,  it  is  sometimes  necessary  to  make  a 
compromise  which  best  fits  the  application. 

It  is  normal  practice  to  take  advantage  of 
the  fact  that  only  that  portion  of  spaces 
which  may  be  occupied  by  personnel  need  be 
kepi  within  the  acceptable  limits  of  tempera¬ 
ture  and  humidity.  That  part  of  the  volume 
above  the  6-ft  level  may  be  used  as  a 
distribution  and  mixing  zone,  as  indicated  in 
Fig.  9-24.  This  requires  that  the  primary  air 
be  projected  with  sufficient  velocity  to  en¬ 
train  room  air  by  induced  secondary  circula¬ 
tion  in  amounts  up  to  several  times  its  own 
volume  before  it  enters  the  occupied  zone.  It 
must  be  remembered  that  an  air  stream 
projected  horizontally  will  tend  to  rise  if  it  is 
warmer  than  the  surrounding  air  and  to  fall  if 
it  is  cooler.  It  is  not  easy  by  piojection  and 
entrainment  to  achieve  both  good  air  distribu¬ 
tion  and  adequate  mixing  throughout  the 
occupied  zone.  The  primary  air  streams  must 
not  be  projected  directly  into  the  occupied 
zone. .  Also,  the  throw  of  a  register  should  not 
be  so  great  that  the  primary  air  is  "splashed” 
against  a  wall  without  appreciable  mixing. 

Ceiling  plenums  may  be  used  for  applica¬ 
tions  requiring  a  uniform  distribution  of  air 
over  3  large  area. 

The  amount  of  ductwork  that  may  be 
attached  to  military  air  conditioners  is  limited 
by  the  recommended  maximum  external 
static  pressures.  These  are  about  1  in.  of  water 
for  units  rated  up  to  I  1.000  Blu/hr  3rd  about 
1,5  in.  of  water  for  units  rated  between 
18,000  and  00,000  Btu/hr.  Because  of  Hie 
relatively  small  size  of  the  shelters  and, 
therefore,  the  relatively  short  runs  of  ducts, 
these  recommended  pressures  are  not  likely  to 
be  exceeded  unless  the  application  combines 
use  of  a  remote  unit,  requiring  external 
ductwork,  with  a  shelter  having  extensive 
internal  ductwork.  Values  of  total  cooling 
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f  ’ '  Canvas  covers  for  protecting  the 
condenser  side  of  units 


static  pressure  losses  in  ductwork,  the  cooling 
capacity  will  decrease  correspondingly. 

9-4.3  GENERAL  RULES  OF  VENTILATION 

The  following  die  some  general  ventilation 
rules7 : 

(1)  The  greatest  volume  rate  of  air  flow 
per  unit  area  of  total  opening  is  obtained  by 
using  inlet  and  outlet  openings  of  nearly  »*cjual 
area. 

(2)  Short  circuits  of  air  flow  between 
openings  on  » wo  sides  of  a  high  level  may 
clear  the  air  at  that  level  without  producing 
appreciable  ventilation  at  other  levels. 


I  l.i  I  utters  for  dosing  openings 

through  which  condensing  end 
ventilating  air  is  drawn 


Figure  9-Z 1,  Arrangements  for  Protecting 
l  xtcrinr  Openings  in  the  Environmental 
Control  System  During  Transit 7 

of  7 r*nff  Company) 


crip  icit-  are  usually  based  on  free-discharge 
a:i  Ibis,  If  the  air  flow  rate  is  reduced  by 


(3)  To  enhance  the  generation  of  convec¬ 
tion  currents  by  temperature  differences,  the 
vertical  distance  between  inlet  and  cutlet 
should  be  as  great  as  possible. 

9-4.4  METHODS  OF  AVOIDING  OBJEC¬ 
TIONABLY  HIGH  AIR  VELOCITIES 

In  small  enclosures  with  large  cooling  loads 
it  is  possible  that  the  air  flow  rate  required 
will  create  objectionably  high  velocities  in 
personnel  spaces.  !:i  order  to  control  the 
environment  properly,  the  air  within  the 
shelter  must  be  circulated  or  exchanged  with 
a  minimum  of  discomfort  or  distraction  to 
the  occupants. 

4 

There  arc  two  problems  involved  in  the  use 
of  unnecessarily  high  air  velocities:  the  noise 
generated  in  the  duct  system  increases  with 
increase  in  air  velocities,  and  the  occupants  of 
the  shelter  may  be  made  very  uncomfortable 
by  drafts,  especially  when  the  coolinp  cycle  is 
being  used.  An  air  velocity  of  35  ft/min  in 
contact  with  personnel  has  been  considered 
acceptable*. 

Ly  .cssive  air  velocities  usually  have  two 
basic  causes:  undersized  ducts  or  improper 
outlet  register  design.  In  systems  with  under¬ 
sized  ducts,  4«r  velocities  must  be  kept  high  to 
maintain  the  mass-flow  rate  of  air  required  for 
proper  operation  during  the  cooling  cycle. 
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Uncomfortable  drafts  and  excessive  noise 
result.  A  system  delivering  10%  more  than  its 
rated  flow  will  have  a  noise  increase  of  60%9. 
Improper  register  design  will  usually  be 
caused  by  attempts  to  increase  the  throw  of 
the  entering  air  stream  to  compensate  for  use 
of  too  few  registers  in  the  system.  The  result 
is  most  noticeable  during  cooling  cycles  as 
evidenced  by  improper  mixing  of  the  entering 
air  stream  and  drafts  due  to  impingement  on 
walls  or  equipment,  Some  of  these  problems 
can  be  avoided  bv  proper  selection  of  the  size 
and  location  of  the  air  outlets. 

Another  way  to  avoid  objectionably  high 
velocities  is  to  reduce  the  air  flow  require¬ 
ments  by  reducing  the  sensible  heat  load. 
Thermal  insulation  may  be  improved.  Air 
used  to  cool  apparatus  can  be  isolated  from 
the  personnel  space  and  exhausted  to  the 
ouiside. 

9-4.5  HEATING  SYSTEMS 

9-4.5. 1  AIR  DISTRIBUTION  WITH  AND 
WITHOUT  DUCTWORK 

Heated  air  should  be  discharged  at  a  low 
level,  so  that  its  natural  tendency  to  rise  will 
result  in  low  iloor-to-ccilmg  temperature  dif¬ 
ferences.  In  the  majority  of  heater  installa¬ 
tions  in  shelters  and  trucks  »he  space  to  be 


controlled  is  small  enough  so  that  ducts  are 
not  needed  to  distribute  the  heated  air.  Even 
in  the  larger  shelters  and  trucks,  floor-  and 
pedestal-mounted  installations  -  similar  ,o 
those  shown  in  Figs.  9-11,  9-13,  9-14,  and 
9-16  -  can  be  used  In  semitrailers,  vertical  or 
horizontal  floor-level  ducts,  similar  to  those 
shown  ir  Figs.  9-2  and  9-3,  can  be  used. 

Overhead  duct  systems  are  undesirable  for 
the  distribution  of  heated  air  becauiie  they  are 
likely  to  have  poor  air  distribution  to  the 
floor  level,  resulting  in  excessive  air  stratifica¬ 
tion.  These  detrimental  effects  can  be  cor¬ 
rected  to  some  extent  by  increasing  the  air 
discharge  velocity  and  directing  it  downward, 
provided  the  temperature  differential  between 
supply  air  and  room  air  is  not  excessive,  Sec 
pars.  9-4.4  and  9-5.5. 

0-4.5.2  CONDITIONS  IN  POLAR  REGIONS 

Conditioning  air  in  inhabited  structures  is 
probably  most  difficult  in  polar  regions. 
Added  to  the  extremely  low  temperatures, 
low  absolute  humidity  and  the  general  use  of 
srructurcs  of  lightweight  construction  con¬ 
tribute  to  the  difficulties.  In  addition  to 
supplying  enough  heat  to  raise  ‘.he  tempera¬ 
ture  to  the  level  required,  it  is  necessary  to 
maintain  sufficient  air  flow  to  prevent  strati¬ 
fication  -cl  stagnation  of  air  and  to  supply 
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the  proper  amount  of  moisture  to  raise  the 
t flat i vc  humidity  of  the  comfort  level  without 
an  excess  of  frost  and  condensation  on  cool 

sm  faces. 

-Stratification  can  be  avoided  with  air  dis¬ 
tribution  systems,  such  as  a  floor  plenum 
system,  which  discharge  warm  air  at  a  low 
level,  fhe  natural  convection  currents  gen¬ 
erated  by  the  upward  movement  of  the  warm 
air  and  downward  movement  o t  cool  air  tend 
to  mix  the  air.  When  warm  air  is  discharged 
from  overhead  locations,  it  ir;  difficult  to 
attain  unif  irm  fiea?  distribution.  Substantial 
downward  components  of  ejection  velocity 
are  needed  in  this  case  to  avoid  stratification 
but,  n  any  case,  floor  areas  will  be  relatively 
cool. 

fests' "  on  heating  systems  designed  for 
polar  use  showed  that  condensation  and 
frosting  on  cot'  surfaces  may  become  a 
problem  when  humidifiers  are  used  to  raise 
the  moisture  content  of  the  air.  For  example, 
it  was  found  that  frost  formation  made  it 
difficult  'o  operate  the  regulating  damper  in 
the  fresh-air  intake  duct.  The  experimenters 
suggested  that  the  problem  be  solved  by  usj 
of  an  intake  duct  of  sealed,  double  sheet- 
mctal  construction  with  insulation  between 
the  two  metal  casings. 

The  following  arc  general  steps  which  can 
be  taken  to  minimize  the  condensation  and 
frosting  problem: 

( 1 )  Seal  joints  and  cracks  to  prevent  seep¬ 
age  of  cold  air  into  the  conditioned  space  and 
the  consequent  cooling  of  surfaces  over  which 
the  air  flows. 

(2)  If  possible,  add  insulation  between  the 
more  critical  surfaces  and  the  he«t  sinks. 

(3)  Use  no  more  humidification  than  is 
necessary  to  produce  the  required  conditions. 

9-5.  DUCT  DESIGN 

9-5.1  GENERAL  RULES  OF  DUCT  DESIGN 

In  most  cases,  the  duct  system  for  a  shelter 


is  designed  to  provide  both  heating  and 
cooling  functions.  The  usual  practice  is  to 
design  the  ducts  so  that  they  provide  opti¬ 
mum  air  supply  velocities  during  cooling, 
when  the  rate  of  air  flow  and  air  density  are 
highest. 

For  most  applications  to  mobile  systems, 
the  fan  available  in  the  environmental  control 
unit  will  meet  the  air  flow  requirements.  In 
cases  where  it  is  necessary  to  provide  auxiliary 
fans,  Ref.  1 1  and  Chapter  4  of  Ref.  1 2  may 
be  consul  fed. 

The  general  rules  which  should  be  followed 
in  the  design  of  ducts,  given  in  Chapter  3  of 
Ref.  1 2,  are: 

“1.  The  air  should  be  conveyed  as  di¬ 
rectly  as  possible  at  the  permissible 
velocities  to  obtain  the  desired  results 
with  minimum  noise  and  greatest  econ¬ 
omy  of  power,  material,  and  space. 

“2.  Sudden  changes  m  the  direction  or 
velocity  of  the  air  should  be  avoided. 
When  sudden  changes  arc  necessary  at 
bends,  turning  vanes  should  be  used  to 
r.  inimizc  the  pressure  loss. 

*‘3.  Where  the  greatest  air  carrying  ca¬ 
pacity  per  square  foot  of  sheet  inatal  is 
desired,  rectangular  ducts  should  be 
made  as  nearly  square  as  possible.  Aspect 
ratios  (ratio  of  width  to  depth)  greater 
than  8  to  1  should  be  avoided.  Where 
possible,  a  ratio  of  4  to  1  or  Jess  should 
be  maintained. 

"4.  Ducts  should  be  constructed  of 
smooth  material,  such  as  steel  or  alumi¬ 
num  sheet  metal.  For  ducts  made  from 
other  materials,  proper  allowance  for  the 
change  In  roughness  should  be  made'*, 

"5.  ...  it  should  be  recognized  that,  in 
actual  installations,  IflowJ  resistances 
may  vary  considerably  from  the  calcu¬ 
lated  values  because  of  variation  in  the 
smoothness  of  materials,  types  of  joints 
used,  and  the  ability  of  workmen  to 
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fabricate  the  system  in  accordance  with 
the  design.  Fans  and  motors  should, 
therefore,  be  selected  to  provide  at  least 
a  slight  factor  of  safety,  and  dampen 
should  be  installed  sn  each  branch  outlet 
for  balancing  the  system. 

“6  Avoid  obstructing  ducts  with  piping, 
conduits,  or  structural  members  Un¬ 
avoidable  duct  obstructions  must  be 
streamlined  with  an  easement  or  a  leaf- 
drop.  the  length  of  which  should  be  at 
least  three  tin  es  the  thickness  of  the 
tear-drop." 

Some  o*  these  rules  are  .ffustrated  in  Fig. 
9-25 

9-5.2  DESIGN  VELOCITIES 

The  velocities  listed  ir.  Table  9-S.  which  are 
reported 1 :  to  have  given  satisfactory  results 
in  conventional  systems,  may  provide  a  guide 
for  selecting  the  velocity  of  air  in  ducts.  Since 
pressure  losses  increase  approximately  as  the 
square  of  the  velocity  and  fan  noise  genera¬ 
tion  increases  with  static  pressure*,  velocities 
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TA8LE  ©-1 

RECOMMENDED  AND  MAXIMUM  DUCT 
VELOCITIES  FOR  CONVENTION  AL  SYSTEMS 
(Adapted  from  Ref.  12.  Chapter  ?'* 


Velocities. 

tt/rrwn 

Designation 

Industrial 

Residences 

Buildings 

Outdoor  Air  Intakes* 

500 

500 

Filters* 

250 

350 

Fan  Oct  lets 

1000-1600 

16002400 

Cdsm  Duets 

700-900 

12001800 

Branch  Ducts 

500 

300  1000 

Branch  Risers 

500 

goo 

Maximum  V«loc*ti«,  ft /mm 

Outdoor  Air  Intsfces* 

800 

1200 

Ft  iters® 

300 

360 

Fan  Outlets 

1730 

1700  2800 

Main  Ducts 

8001200 

1300-2200 

Branch  Ducts 

7001000 

iQOD  1800 

Sranc  “  sm 

860390 

1000-1600 

*Ths«  vetocmei  are  • 

oc  total  1**  area,  not  the  net  tree 

area,  other  velocities  m  table  ar*  tor  net  free  area 
Copyriffived  by  ASHRA£  PteprnteC  by  permission 
from  ASHRAE  Gu-de  end  Data  Book  1969 

should  be  kept  low  for  quiet  and  efficient 
operation.  On  the  other  hand,  the  *elocit*es 
within  the  ducts  should  not  be  soc  low 
because  the  duct  sut  increase*  as  the  velocity 
is  decreased.  Adequate  performance  will 
usually  result  if  supply  duct  velocities  of  oGO 
to  700  ft  /mm  are  used. 

9-5.3  DESIGN  PROCEDURE 

The  general  procedure*-  for  duct  design, 
adapted  from  Ref  1 2 ,  are 

i  1 1  Study  the  plan  ol  the  structure  and 
arrange  ihe  positions  of  the  supply  outlets  to 
provide  proper  diMnbution  of  air 

( 2?  Select  outlet  sires. 

<  31  ftffaw  a  sketch  of  the  most  convenient 
duel  system  connecting  the  supply  outlets 
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and  return  intakes  with  the  environmental 
control  units. 

(4)  (  alculate  the  sizes  of  the  main  duct 
mil  all  branch  ducts. 

(5)  Determine  the  total  (net)  pressure  loss 
through  the  entire  duct  system,  including  the 
return  system  if  one  is  used. 

Of  rhe  three  duct  design  methods' 5  ve- 
loci./  reduction,  equal-friction,  and  static- 
regain  the  velocity-reduction  method  is  the 
one  lust  suited  for  the  small  duct  systems 
used  ir  mobile  military  structures.  As  the 
term  indicates,  the  duct  sizes  are  chosen  so 
that  there  are  progressively  lower  velocities  at 
each  branch  duct  as  one  moves  downstream  in 
the  mair.  duct.  On  the  assumption  that  the 
main  duct  is  no  larger  than  the  discharge- 
opening  of  the  environmental  control  unit, 
the  lowest  velocity  at  the  entrance  to  the 
main  duct  can  be  estimated  from  the  known 
air  flow  rate  and  the  size  of  the  discharge- 
opening.  If  the  cross-sectional  area  of  the 
mam  duct  is  made  smaller  than  the  area  of  the 
discharge  opening  in  the  unit,  the  entrance 
velocity  will  be  increased.  The  velocities  in 
the  main  duct  at  each  branch  point  arc  chosen 
arbitrarily,  except  that  they  arc  chosen  pro¬ 
gressively  smaller  as  one  moves  away  from  the 
entrance.  Knowing  the  volume  rate  of  air  flow 
through  each  portion  of  the  duct  system 
enables  one  to  compute  the  areas  of  the  ducts 
from  the  chosen  velocities.  The  graph  in  Fig. 
9-26  may  be  used  to  obtain  duct  diameters, 
and  Table  9-2  may  be  used  to  obtain  equiva¬ 
lent  rectangular  sizes.  The  pressure  drop  in 
the  air  path  having  the  greatest  resistance 
should  be  calculated.  If  the  pressure  drop 
exceeds  the  capability  of  the  fan  in  the 
environmental  control  unit,  it  is  necessary 
zither  to  increase  duct  sizes  to  lower  the 
pressure  loss  or  to  provide  auxiliary  fans. 

Resistance  to  flow  in  the  duct  system  is 
developed  by  both  friction  and  turbulence. 
For  a  straight  smooth  duct  the  resistance 
varies  inversely  as  the  fifth  power  of  the  duct 
diameter,  and  it  is  proportional  to  the  length 
Tables  and  charts  arc  available,  such'  as  Fig. 


9-26,  which  provides  values  of  resistance  for 
straight  ducts  in  terms  of  pressure  loss  per 
unit  length  for  each  specific  duct  cross- 
sectional  configuration*.  Charts  are  also  avail¬ 
able  which  permit  determination  of  the  losses 
that  occur  in  most  of  the  common  duct 
fittings  and  shapes' 5 . 

If  there  is  a  return  duct  system,  it  is  sized 
in  the  same  way  that  the  supply  ducts  art- 
sized  starting  with  the  lowest  velocities  at 
the  return  intakes  and  increasing  them  pro¬ 
gressively  as  the  environmental  control  unit  is 
approached. 

Dumpers  should  be  provided  to  permit 
balancing  the  system  for  the  conditions  actu¬ 
ally  encountered  during  use. 

A  refinement  of  the  described  procedure  is 
to  design  the  main  duct  first  and  to  determine 
the  pressure  head  available  at  each  branch 
point:  then  each  branch  is  designed  to  have  a 
pressure  loss  equal  to,  or  somewhat  less  than, 
the  available  pressure  head. 

9-6.4  DUCT  FABRICATION 

Ducts  used  in  the  environmental  control 
systems  of  transportable  military  structures 
fit  into  the  low  pressure  classification,  which 
includes  those  with  mean  air  velocities  less 
than  2.000  ft/min  and  static  pressures  less 
than  2  in.  of  water'5.  Tcble  9-3  shows 
recommendations  for  the  construction  of 
rectangular  ducts.  To  conserve  space,  round 
ducts  arc  rarely  used  inside  the  structures 
under  consideration.  All  duct  construction 
details  should  be  in  accordance  with  Section  I 
of  the  Duct  Manual  and  Sheet  Metal  Con¬ 
struction  for  l^en illation  and  Air  Condition¬ 
ing  Systems ' 1 . 

In  the  interest  of  maintaining  un.furm 
velocities  --  accompanied  by  decreased  turbu¬ 
lence,  lower  resistance,  and  less  noise  -  el¬ 
bows  should  have  long  radii  and  shape 
charges  should  be  as  giadual  as  possible.  To 


*S re  il«>  P*ftl  50,  51,  60,  tnd  61  of  Ref.  15,  Oh,  2  of  Ref. 
16,  »nd  pip;  284  of  R*f,  I  ?, 
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(Baaed  on  Standard  Air  of  0.  0'5  >b  per  cu  *t  density  ttorwng  through  averag r  clean 
round,  galvanired  met#  ducts  having  approximately  *0  joints  per  100  ft  Errors  of  kss 
than  3 %  are  incurred  m  using  (fits  figure  for  nr  temperatures  as  tow  as  Vf  F  or  as  high  as 
9tf  F.  The  usual  variations  in  air  prmnn*  and  humidity  can  be  disregarded  )  Caution  Do 
not  extrapolate  b*to& cbm 
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Figure  9-26.  Friction  of  Air  m  Straight  Ducts  for  Volumes  of  10  to  2.00C  cfm 

I From  Ref  12,  Chapter  3  I 
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CIRCULAR  EQUIVALENTS  OF  RECTANGULAR  DUCTS  FOR  EQUAL 
FRICTION  AND  CAPACITY*  1 
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TABLE  9-3 

RECOMMENDEO  CONSTRUCTION  FOR  RECTANGULAR  LOW  PRESSURE  DUCTS 
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reduce  the  transmission  of  vibrations  and 
none,  flexible  connections  should  be  used 
where  the  ducts  are  attached  to  the  environ¬ 
mental  control  units.  This  is  especially  impor¬ 
tant  if  the  unit  is  mountea  on  vibration 
isolators. 

Figs.  9-27  ttat/iigh  9-35  illustrate  the  appli¬ 
cation  of  air  distribution  systems  to  mobile 
military  structures. 

9-5J  SUm.Y  OUTLETS 

The  duct  systems  used  in  shelters  may  have 
supply  outlets  in  the  floor,  in  the  lower 
sidewall,  in  the  upper  sidewall,  or  in  the 
ceiling.  In  using  floor  registers  for  heating,  the 
supply  air  should  have  sufficient  velocity  to 
spread  over  the  room  and  reach  the  wall 
where  most  of  the  heat  loss  occurs.  Low 
sidewall  outlets  should  provide  a  horizontal 
spread  of  air  over  the  floor  area  for  heating 
and  be  adjustable  to  direct  air  to  the  upper 
levels  of  the  shelter  space  for  cooling.  Ceiling 
and  upper  sidewall  registers  are  especially 
effective  in  cooling  applications,  however, 
where  used  for  heating,  maximum  effective¬ 
ness  of  this  system  requires  high  air  supply 
velocities,  with  a  temperature  differential 
between  supply  air  and  room  air  leu  than 
25° F.  The  general  characteristics  of  outlet 
registers  in  different  placements  are  indicated 
in  Table  9-4. 

•44  DUCTS  FOR  REMOTE  UNITS 

Ductwork  is  also  needed  when  an  environ¬ 
mental  control  unit  is  mounted  remote  from 
the  shelter.  Conversion  of  the  units  for 
flexible  duct  application  requires  supply  and 
return  air  plenums,  a  supply  grille,  and  an 
opening  for  Ck  return  air.  A  skid-mounted 
unit  is  shown  with  these  components  in  Fig. 
9-36.  The  figure  also  shows  the  containers  in 
which  the  ducts  are  stored  during  transit. 

Round  flexible  ducts  are  used  to  connect 
remote  units  with  the  shelter  The  sections  of 
flexible  duct  should  be  kept  as  straight  and  as 
short  as  possible.  Flexible  duct  connections 
can  be  made  most  easily  if  they  are  provided 


with  mating  flanges  which  can  be  clamped 
together  with  locking  pirn,  without  the  use  of 
tools  (tee  Fig.  9-37).  Some  flexible  ducts  arc 
attached  at  their  ends  by  sliding  them  over  a 
flange  and  then  tightening  a  metal  ring  which 
clamps  the  duct  to  the  flange.  (See  Fig.  9-38.) 
This  is  not  as  convenient  as  the  flange-and- 
ioc king-pin  arrangement,  but  it  may  be  ac¬ 
ceptable  if  the  ducts  are  not  to  be  connected 
and  disconnected  often. 

9-5.7  SELECTION  OF  DUCT  MATERIAL 

In  the  selection  of  materials  for  fabricated 
ducts,  or  materials  for  use  as  ducts  or  duct 
fittings  the  designer  should  consider  several 
factors  in  regard  to  the  properties  of  the 
materials: 

(1)  Flame  propagation  and  smoke  pro¬ 
ducing  characteristics 

(2)  Odor  emission  likely  at  operating 
temperatures 

(3)  Toxic  gas  emassten 

(4)  Resistance  to  deformation  or  deteriora¬ 
tion  at  operating  temperatures 

(5)  Air  tightness 

(6)  Resistance  to  vermin  infestation 

(7)  Moisture  absorption  and  transmission 

(8)  Resistance  to  mold  growth 

(9)  Resistance  to  comjsxm.  erosion,  and 
delamination. 

M  CONTROLS 

•4.1  CONTROL  PANEL 

The  control  pond  on  environmental  con¬ 
trol  units  c«i  be  removed  for  remote  mount¬ 
ing.  Tim  makes  it  panftte  to  the  panel 
where  the  switches  can  be  operated  con¬ 
veniently.  The  opening  left  by  removal  of  the 
control  pend  should  be  closed  with  a  blank 
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Figure  9-28.  Heater  Duct  Tran$Jt:on  Piece 
(This  photograph  it  for  information  only  and  should  not  be  used 
as  a  criterion  for  the  design  of  simitar  installations 


covet  pand.  It  should  be  noted  that  the 
protection  against  radio  frequency  inter¬ 
ference  will  be  destroyed  unicss  the  cabie 
used  for  remote  mounting  is  shielded 

SMS.2  THERMOSTAT 

The  temperature  control  circuitry  oi  en 
wonmental  control  units  includes  a  thenm*- 
stat  which  provides  both  heating  and  cooling 
control,  usually  within  the  range  from  do  to 
90°F.  In  small  installations,  the  thermostat 
may  be  left  in  the  unit,  but  in  large  mstaHs 
tions.  better  control  can  be  attained  by 
removing  the  thermostat  from  the  unit  and 
mounting  it  in  the  conditioned  space  In  the 
case  of  heaters,  the  temperature  thermostat  is 
always  mounted  outside  the  unit  bor  proper 
control,  it  is  very  important  to  locate  the 
thermostat  properly.  It  should  not  be  in  a 


corner  or  other  spot  where  there  is  no 
circulation,  nor  should  it  be  located  directly 
in  the  path  ot  an  au  blast  The  thermostat 
should  be  placed  in  3n  exposed  location, 
where  there  is  normal  circulation 

^6.3  DAMPERS 

A  damper  is  provided  within  environmental 
control  units  tor  controlling  the  amount  of 
tresh  air  entering  the  unit  It  the  inlet  grille 
should  he  dosed  -ate  should  he  taken  to 
as-ure  that  enough  air  Stesh  or  re 
tun  passes  mu  the  evaporator  to  avoid  the 
build-up  ot  ice  >r.  the  cOtU 

Additional  dampers  arc  usual!:  provided  in 
the  duct  system,  it  one  is  used,  so  that  au 
flow  rates  in  dtflcrent  branches  can  U  ad¬ 
justed  to  meet  various  requirements 
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Figure  9-29.  Heater  and  AfrOonemener  installation  With 


Connecting  Ductwork  in  Semi-trailer 

I  Thlt  photograph  la  for  Information  only  anti  should  not  ba  used  at 
a  criterion  for  the  detign  of  similar  installations.) 


9-6.4  AUXILIARY  CONTROLS 

These  are  a  number  of  auxiliary  safety 
controls  which  art  part  of  the  internal  cir¬ 
cuitry  of  the  units  and  which,  therefore,  do 
not  require  any  special  attention  during  instal¬ 
lation.  These  include  the  outside  air  thermo¬ 
stat,  high  temperature  control,  high  pressure 
cutout  switch,  and  back  pressure  regulator 
which  are  discussed  in  Chapter  4. 

9-7  SAFETY  CONSIDERATIONS 

9-7.1  INTRODUCT'ON 

As  most  of  the  safely  f e-'  .res  used  in 
environmental  control  units  are  .orporat<-t 
in  the  units,  they  do  not  require  special 
installation  procedures.  These  include  items 


such  as  the  overheat  controls,  high  pressure 
cutout  switch,  and  back  pressure  regula¬ 
tor  -  which  are  described  in  Chapters  4  and 
6.  This  chapter  considers  only  devices  which 
arc  installed  separately,  A  list  of  safety 
precautions  to  be  taken  when  working  with 
air  conditioners  is  also  included.  Protection 
against  chemical  and  biological  contaminants 
is  discussed  in  Chapter  1 1. 

9-7.2  COMBUSTION  HEATER  OPERATION 

It  is  essential  to  make  sure  that  there  he  a 
continuous  supply  of  fresh  air  to  combustion 
heaters,  so  that  there  will  be  no  chance  of 
depicting  the  supply  of  oxygen  in  the  con¬ 
trolled  enclosure  when  such  heaters  remain  in 
operation  for  extended  periods.  The  combus¬ 
tion  air  intake  line  should  be  of  the  size 
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Figure  9-30.  View  of  Semitrailer  Environmental  Control  Installation 
(This  photograph  n  for  information  only  ana  snoviti  not  Ot  t&txJ  as  t  cmanon 
for  the  oaugn  of  similar  installations./ 


recommended  for  the  unit,  u  should  be  as 
straight  and  short  is  possible,  and  the  mlel 
end  should  be  free  of  obstructions 

It  is  also  essential  to  insure  pi  o per  exhaust 
ot  the  combustion  oroducts.  Installation  of  a 
condensation  dram  in  the  exhaust  imc.  as 
described  in  par.  9-3.3..?.  helps  to  present 
dogging  of  the  exhaust  hne  by  the  freezing  of 
moisture  in  the  exhaust  gas. 

As  mentioned  in  par  9-3  3  3.  the  heater 
exhaust  should  not  be  installed  near  an.  fresh 
ar  inlets  or  windows  and  doors 

9-7.3  EMERGENCY  OVERRIDE  SWITCH 

In  some  applications,  it  may  be  anticipated 
that  occasionally  u  «iil  be  essential  to  main¬ 
tain  environmental  control  even  at  the  nsk  of 


temporarily  overloading  the  environmental 
control  units  In  such  cases,  an  emergency 
overr.de  switch  should  be  provided  to  bypass 
all  safety  devices  and  thermostats  to  permit 
emergency  operation  of  the  system  without 
normal  protection  against  c!..  meal  mechani¬ 
cal.  or  thermal  overload^  This  switch  is  lo 
be  used  only  for  short  periods  when  emer¬ 
gency  conditions  take  precedence  over  the 
probah'ht'  ot  mayor  component  failures  It 
the  application  requires  it  ar.  auxiliary 
method  of  minimal  ventilation  should  be 
provided  in  case  ot  component  failures 

9-7.4  SAFETY  PRECAUTIONS 

The  tohow-mg  list  ot  safety  precautions 
taker,  from  Ret  5  should  be  followed  *ber. 
working  wnh  3ir  ,  -mditior  erv 

\rvrr  remon  am  panels  or,  the  air 
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Figure  9-31.  Heater  and  Air  Conditioner  Discharge  Ducts  sn  Semi- trailer 
/Thst  photofrspr  it  for  information  only  and  should  not  be  used  as  a  criterion  tor  the 

design  of  similar  installations.) 


conditioning  unit  without  first  discon¬ 
necting  the  unit  from  the  power  source 

"2  Keep  hands  away  from  the  fans 
when  the  unit  is  operating. 

“3  Never  attempt  any  repairs  or  inspec¬ 
tion  of  the  electrical  circuit  unless  the 
unit  has  been  disconnected  from  the 
power  source  On  units  with  main  power 
line  filter.  <  RF1 J.  the  capacitors  should 
be  discharged  electrically  before  at¬ 
tempting  lepair  of  the  electrical  circuit 


“4.  Stop  the  unit  immediate!)  if  exces¬ 
sive  vibration  or  unusual  noises  occur 

“5.  Do  not  us.?  water  on  a  motor  fire 
Use  CO. 

"t»  If  the  motor  or  compressor  should 
heat  excessively,  stop  tnc  umt  immedi¬ 
ately  and  investigate 

Should  liquid  Relngerant-22  come 
in  contact  with  the  skin,  the  injury 
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Kfixn*  9-32  ComptrtKHM&  -  of  envkonmmttl  Centrof  Ductwork  m  Stmi-tmier 

(Tfiet  photo$not>  »  for  information  on'/  ana  atoufer  not  batmdm*  crmncn  tor  rt* 

<k m§n  of  tkniitr  mtmMatiom.) 


should  be  treated  the  same  as  though  the 
skm  has  been  frostbitten  or  frozen. 

“8.  Do  not  work  m  a  closed  space  where 
Ref'fifcrar?-  ?.  2  may  be  leaking  unless 
adequate  ventiiatiofi  a  provided. 

“9  ^ever  use  r  torch  on  a  tcefngerant- 
22  ptpe  line  until  it  ts  determined  that  *11 


gas  has  been  eliminated  from  the  line 
and  that  the  area  is  well  ventilated 

“10.  Do  not  steam  clean  coils.  * 

t*  MAINTENANCE  PROVISIONS 
INT  ROOOCT  f  ON 

Tlie  objectives  of  suintenance  are  to  keep 

<M3 


Figure  934.  Interior  View  of  Shop  Van  Shomnf  electronic  equipment  end 
environmental  Control  Units 

fThx  phonenpr  t  for  tnformmert  orty  end  Jtoutd  no*  beam*  m  •  criterion  for  St* 

dMjfn  of  swwiftr  kmt Metier*,  j 


equipment  operating  satisfactorily  with  as 
little  effort  and  jst  as  possible*.  Parts  that 
require  periodic  inspection  or  servicing  should 
be  readily  accessible  Provisions  should  be 
made  for  rapid  removal  and  assembly  of 
components  that  require  servicing,  if  it  is 


*  An  1st  of  rar-trarttf  obirttrm  u  p»to  w  I  aHt 

1*3  of  He(.  21.  miskk  srs*}  .1*0  of  ceoxtlUU  for  4&tp i 
fildtt  j*rt**oB#  to  sutatairutA'm 


necessary  to  remove  a  panel  to  replace  a 
component,  it  should  be  a  simple  operation, 
if  the  panel  is  fastened  with  screws,  then 
number  should  be  kept  to  a  minimum 

There  art  two  types  of  maintenance,  pre¬ 
ventive  and  corrective.  Preventive  mainte¬ 
nance  deals  with  inspection,  servicing,  and 
minor  repairs.  Corrective  maintenance  m- 
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(T)  MALE  CONNECTOR 

©  COVER,  OR  FEMALE  CONNECTOR  Of  FLEXIBLE  DUCT  (SEE  FIGURE  9-36) 

(j)  LOCK  MANOLC 

©  CAM  LOCK  (TIGHTENS  AROUND  PIN) 

Figure  9-37.  Drawing  Showing  Cam-lock  Arrangement  for  Connecting  Flexible  Duct  to  Plenum 

(Courtw  o*  Trm»  Company) 


volvcs  major  repairs,  replacement,  and  over¬ 
haul.  The  designer  must  always  recognize  the 
need  to  make  any  maintenance  operations, 
particularly  the  preventive  type,  as  simple  as 
possible.  Inspection,  lubrication,  fiber  clean¬ 
ing,  and  oil  changes,  among  others,  should  not 
be  impeded  by  obstructions  in  the  form  of 
components  that  easily  could  have  been  lo¬ 
cated  elsewhere.  On  the  other  hand,  such 
ready  accessibility  is  not  so  demanding  for 


corrective  maintenance,  since  nore  time  is 
generally  available  for  performing  such  main¬ 
tenance,  However,  components  which  arc 
likely  to  experience  a  relatively  early  failure 
should  not  be  buried  in  inaccessible  locations. 


9-8.2  ACCESSIBILITY 

It  is  important  to  plan  mechanical  conncc 
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lions  so  gut  maintenance  points  remain 
accessible.  The  arrangement  should  not  make 
it  difficult  to  perform  operations  which  must 
be  done  regularly.  such  as  the  replacement  of 
air  and  fuel  fitters,  indicators  which  must  be 
viewed  regularly.  such  as  fud-content  and 
oiHevd  indicators,  should  be  dearly  visible. 
The  refrigerant  sight  glass  should  also  be 
eanly  seen.  It  is  desirable  that  it  be  possible  to 
perform  common  troubleshooting  operations 
without  major  donaptioa  of  the  system.  For 
example,  it  h  deswabte  that  service  valves 
which  enable  a  repairmen  to  measure  the 
intake  and  outlet  pressures  of  the  refrigera¬ 
tion  system  be  readily  accessible.  Similarly, 
ports  to  recharging  the  coding  system  should 
be  raadfly  accessible. 

The  conditioned  air  supply  and  return  air 
grilles  must  be  Accessible  for  normal  service 
and  maintenance. 

There  have  been  cases  where  access  door 
handles  have  become  too  hot  to  be  handled 
due  to  solar  radiation  or  because  of  nearness 
to  a  heat  source,  such  as  an  engine  exhaust 
line1 3 .  The  use  of  materials  of  low  thermal 
conductivity  and  low  surface  absorptivity  wfli 
help  aSeviate  the  problem  due  to  solar  ndia- 
tiona.  Heating  from  other  sources  can  be 
reduced  by  care  in  location  of  parts  that  must 
be  handled  and  by  increasing  the  resistance  of 
heat  flow  paths. 

Ladders  should  be  provided  to  facilitate 


access  to  environmental  control  units 
mounted  too  high  to  be  reached  otherwise. 
They  should  be  light  enough  to  be  handled  by 
om  mss.  The  time  required  for  servicing  and 
repair  can  be  reduced  by  providing  mounting 
brackets  for  the  access  ladders.  If  the  ladders 
are  to  be  used  near  power  lines,  wooden  ones 
should  be  considered. 

M3  COOING  C*  PLUGS  A NO  RECEP¬ 
TACLES 

The  use  of'  unique  geometric  shapes  tor 
matching  plugs  and  their  receptacles,  and 
foolproof  location  of  male  and  female  parts 
are  excellent  means  of  avoiding  mismatch. 
Color  coding  of  plugs  and  receptacles  is  also 
an  efficient  means  of  assuring  proper  identi¬ 
fication.  However,  if  the  number  of  plug- 
receptack  pairs  exceeds  eleven  i  preferably 
fewer)  there  could  be  a  problem  of  color 
djtwb.unation  with  variations  in  illumination. 
In  such  cases,  numenc  coding  is  preferable* . 

In  seketing  colors  for  color  coding,  one 
should  try  to  accommodate  color-weak 
peopte  who  do  not  perceive  colors  as  normal 
people  do.  Yello*?  and  blue  are  colors  which 
such  pernor*  4*  confuse3  * . 


M4  PROTECTION  AGAINST  DETERI¬ 
ORATION 

Environmental  control  units  are  designed 
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ami  manufactured  in  accordance  with  specifi¬ 
cations  which  provide  protection  against  de¬ 
terioration  by  various  agents  such  as  fungus, 
moisture,  temperature  extremes,  and  salt 
atmosphere.  Other  components  of  the  total 
environmental  control  system,  such  as  duct¬ 
work  and  acoustic  and  thermal  insulation, 
should  be  selected  in  accordance  with  the 
same  protective  criteria.  Protection  against 
deterioration  is  not  a  matte*  only  of  material 
selection,  however.  Proper  design  can 
diminish  exposure  of  sensitive  components  to 
the  deleterious  agents. 

Occasionally,  damage  results  from  unex¬ 
pected  sources  For  example,  the  surfaces  of 
components  attached  to  air  conditioners  may 
become  cold  enough  for  condensation  to 
form  on  them,  which  could  contribute  to 
intolerable  deterioration.  Increasing  the  ther¬ 
mal  resistance  of  heat  transfer  paths  to  such 
surfaces  may  help  prevent  condensation. 
Where  condensation  is  unavoidable,  the  use  of 
moisture  resistance  materials  will  alleviate  the 
problem. 

9-9  NOISE  CONTROL 
9-9.1  INTRODUCTION 

Problems  of  excessive  noise  or  vibration 
originate  tn  the  periodic  motion  oi  3  struc¬ 
ture.  The  response  of  a  structure  to  periodic 
energy  input  depends  or,  ns  inertia  and 
flexibility,  if  a  structure  has  high  inertia,  the 
amplitude  of  oscillatory  motion  generated  by 
the  periodic  energy  input  will  be  low.  and  the 
structure  acts  primarily  as  a  path  for  energy 
transmission.  If  the  inertia  is  low.  the  struc¬ 
ture  may  undergo  forced  vibration,  respond¬ 
ing  like  a  ngjd  body  to  the  applied  force. 
However,  if  one  of  the  forcing  frequencies  of 
the  input  energy  coincides  with  one  of  the 
natural  frequencies  determined  by  the  flexi¬ 
bility  of  the  structure,  the  phenomenon  of 
resonance  causes  a  cancellation  of  the  oppos¬ 
ing  reactions  resulting  from  the  mass  and 
rigidity  of  the  structure,  and  greatly  amplified 
vibrations  result. 

The  techniques  of  isolation  and  ahsorjv 


tion  are  those  commonly  used  to  control 
excessive  noise  and  vibration.  Mechanical 
isolation  n  best  suited  for  controlling  forced 
vibrations,  and  acoustical  absorption  is  the 
best  way  of  handling  airborne  noise. 

In  the  case  ol  equipment  used  with  mobile 
shelters  for  military  operations,  the  control  of 
vibration  is  complicated  by  several  factors 

( I )  Not  only  must  the  noise  level  inside 
the  shelter  be  kept  to  an  acceptable  level,  but 
also  the  noise  level  sensed  in  the  externa) 
operational  area  must  be  considered. 

<  2)  Mobility  requirements  demand  that  the 
equipment  be  as  light  in  weight  as  possible, 
but  this  tends  to  increase  noise  problems 
because  reducing  mass  lessens  vibration 
damping. 

( ?>  Tlic  rigors  of  usage  in  military  opera¬ 
tions  require  design  ot  rugged  equipment  with 
a  minimum  of  resilient  interconnection  and  a 
minimum  of  relative  motion  between  various 
components  Thus  the  effect  of  noise  control 
by  vibration  isolation  is  minimized. 

9-9.2  AIR  NOISE  CONTROL 

it  is  well  to  introduce  this  topic  by 
recommending  a  step  which  can  be  taken  to 
prevent  the  generation  o!  avoidable  acoustic 
noise.  This  is  to  minimize  the  power  available 
for  conversion  to  sound  by  keeping  the  tar. 
power  as  low  a>  possible  The  acoustic  power 
generated  by  a  fan  tn  an  air-moving  system 
varies  as  the  fifth  power  of  the  How  rate* 
therefore,  even  a  little  excess  t3n  power  can 
result  m  substantial  avoidable  acoustic  noise 
The  required  flow  rate  should  he  calculated  3> 
accurately  as  possible,  and  any  provision  sor 
excess  au  flow  capacity  should  be  kept  te  a 
minimum 

The  common  technique  ot  air  noise  control 
is  acousti.ai  absorption  which  has  the  obyce 
Ssvc  oi  reducing  noise  by  intercepting  airborne 
acoustical  energy  The  an  is  allowed  to  flow 
through  small  pasvagt-%  wyiere  Us  energy  es 
dissipated  by  friction  against  ,m  w^lis  ot  the 
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pwign  One  may  use  baffle*  or  acoustic  tiles 
made  of  porous  materials  readily  penetrated 
bv  air.  The  efficiency  of  absorption  depends 
primarily  on  the  ratio  of  the  thickness  of  the 
absorbent  material  to  the  wavelength  of  the 
impinging  acoustical  signal,  the  greater  the 
ratio,  the  greater  the  absorption.  Thus,  acous¬ 
tical  tiles  arc  more  effective  in  reducing 
high-frequency  none  than  low  frequency 
noise.  However,  inctioaal  loss  is  not  a  very- 
efficient  mechanism  for  reducing  noise,  and  it 
may  not  be  effective  in  controlling  noise  oi 
high  intensity.  In  such  cases,  one  may  use 
acoustical  barriers,  which  may  range  from 
ngid  enclosures  of  the  source  to  special 
eanroiffs  for  the  receiver. 

Prefabricated  mufflers  are  available  for 
insertion  in  ducts.  Their  primary  advantage  is 
that  a  given  noise  reduction  can  be  attained  in 
a  shorter  length  of  duct  than  would  be 
required  by  other  means.  Although  there  may 
be  a  substantial  pressure  drop  through  the 
muffler  section,  it  may  be  much  smaller  then 
the  pressure  drop  through  the  length  of  lined 
duct  that  would  be  needed  for  equal  noise 
attenuation.  The  net  amou,.:  of  pressure  loss 
is  diminished  if  the  muffler  c:n  be  tr-taUcd 
where  there  is  a  straight,  downstream  section 
of  duct  long  enough  for  pressure  recovery  to 
occur.  Manufacturers  provide  pressure-drop, 
noise-attenuation,  and  insulation  data  for 
the  various  models  of  mufflers  on  the 
market*. 

A  multiple-layer  material  which  combines 
one  or  more  lead  septums  with  alternating 
layers  of  polyurethane  foam  is  available  for 
noise  and  vibration  control*.  The  material 
combines  vibration  damping,  noise  absorp¬ 
tion,  and  sound  transmission  reduction,  it  is 
intended  primarily  for  application  directly  to 
the  equipment  which  generates  the  unwanted 
noise. 

Steps  that  can  be  taken  to  reduce  acouv 
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tical  none  generated  by  at  flow  include 

( ! )  Line  a a  plenum  wails  with  acoustK 
insula  Uo  a 

(2)  Use  ducts  with  acoustK  lining  or  apply 
lining  to  metal  ductwork.  The  duct  should  be 
lined  for  a  distance  of  at  least  10  ft.  starting 
at  the  envffonmental  control  unit. 

(3)  install  a  noise  attenuator  at  the  air 
intake  and  discharge  openings  <Sce  rig. 
9-39.» 

(4)  Install  acoustic  absorbing  material  at 
strategic  locations  within  the  enclosure  The 
use  of  acoustic  ceding  tdc  is  an  example  of 
this  method. 

(5)  Install  bamers  between  the  sound 
source  and  the  listener.  If  the  noise  to  be 
attenuated  originates  in  the  environmental 
control  unit,  the  supply  and  return  air  should 
be  ducted  through  the  barrier  The  radiating 
sound  path  should  be  made  as  mdixr«.t  as 
possible  and  the  bamers  should  be  as  massive 
as  practical  to  insure  ..^i  acoustic  trans¬ 
mission  lesi. 

(6)  Choose  inlet  and  outlet  register  sues 
and  duct  sues  which  do  not  yield  high  air 
velocities. 

( 7 1  Design  the  duct  system  for  minimum 
flow  resistance  ( see  par.  ^-5  1  I 

(Hi  five  the  least  air  flow  rate  that  will 
meet  the  environmental  vontrol  requirements 

9-3.3  MECHANICAL  NOISE  CONTROs. 

Mechanical  noises  originate  in  machinery 
which  transmits  cyclical  forces  '.o  its  supports 
and  thence  to  the  surrounding  structure  To 
isolate  the  structure  from  such  disturbing 
forces,  separators  are  installed  between  the 
source  of  mechanical  vibrations  and  the  area 
from  which  they  are  to  be  excluded.  Sepa¬ 
rators  consist  of  coil  springs,  elastomer  pads, 
or  combinations  of  them  The  natural  fre¬ 
quency  of  the  separators  should  be  con- 
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siderably  lower  than  the  frequent  o!  tnc 
disturbing  force  In  addition  to  preventing 
direct  contact  between  the  vibration  ^ouuec 
and  other  parts  of  a  structure.  the  separators 
increase  the  impedance  mismatch  at  the 
boundary  and  proportionately  dee  reave  the 
efficiency  of  energy  transmission  The  use  ot 
snoc-k  absorbers  on  an  automobile  engine  is  an 
example  of  the  isolation  technique 

The  disturbing  frequency  /„  may  be  de¬ 
fined  as  the  lowest  frequency  of  forced 
vibration,  i.e  the  vibration  generated  by 
rotating  or  reciprocating  machinery  As  a 
genera)  rule,  isolation  against  the  lowest  dis¬ 
turbing  frequency  of  the  system  will  provide  a 
greater  degree  of  isolation  for  the  higher 
frequencies.  In  the  case  of  3  bclt-dmcn 
centrifugal  fan.  there  would  be  two  discrete 
disturbing  frequencies  of  vibration  gener¬ 
ated  that  of  the  drive  motor  and  that  of  the 
fan.  The  fan  usually  operates  at  a  lower 
rotating  speed  than  the  motor,  therefore,  if 
the  suspension  for  this  system  can  isolate 
vibration  produced  by  the  fan.  it  will  providr 
a  greater  amount  of  isolation  for  vitratioi-s 
produced  !»y  the  motor 

The  natural  frequency  /„  u  the  frequency 
at  which  a  vibration  isolator  will  v  cmatc 


or  jer  a  given  load  when  loaded  jnd  released 
Inis  frequency  ■-an  be  expressed  as 

-  lbb\  (  /  -vjex  mm  i'M> 

w  here 

(  =  vpnng  constant  ot  the  isolator,  lb  in 

L  =  load  supported  by  the  isolator  lb 

The  transmission  -.enstant  /  ot  the  isolu’  ->r 
expresses  tne  percentage  ol  the  to'aJ  vibratory 
force  which  is  passed  through  !h  isolaf  •*  at 
each  frequency  An  equation  has  bcv.  de¬ 
veloped  to  calcuhte  this  vonsian:  from  tht 
physical  characteristics  of  the  system 

r  1  - 

t  --  icx)  - -  <0  :s 

•  t  \  ■ 
t 

,  ^ 

However,  bq  9-2  vs  usable  oriy  in  isolators 
living  low  nysleresis  losses  The  shear-  loaded 
mourns  and  the  pad-type  isolators  have  such 
high  hysteresis  that  the  above  equation  does 
not  provide  a  good  estimate  of  the  trans¬ 
mission  constant.  Values  of  transmission  con¬ 
stants  for  typical  isolators  an-  shown  in  Table 
a-5 
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TRANSMISSION  CONSTANTS  FOR  TYPICAL  ISOLATORS 
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A  new  :,y; thod  of  noise  control,  which  fns 
prov-d  to  be  a  powerful  remed>  for  resonant 
vibrations,  is  constrained-layer  damping*' 1 
Die  method  employs  a  rigidly -backed  bye?  of 
viscoelastic  material  applied  directly  to  the 
surface  of  the  v’orating  stmctuie  The  con¬ 
straint  of  tne  rigid  backing  causes  the  layer  of 
viscoelastic  material  to  undergo  shear  defor¬ 
mation  when  the  structure  vibrates,  and  the 
mechanical  vibration  er^rgy  is  significantly 
dissipated  by  conversion  to  heat  The  ef¬ 
ficiency  of  the  method  depends  not  only  on 
the  energy -dissipation  capacity  of  the  damp¬ 
ing  layer  but  also  on  the  efficiency  with 
which  energy  is  transferred  from  the  primary 
vibrating  structure  to  the  damping  layer,  tne 
latter  requirement  r-’Vco  it  imperative  that 
there  be  suitable  mccnarucal  coupling  of  the 
three  layers. 

Method  of  reducing  meviurucaj  noise  in¬ 
clude 


ductwork  by  use  o'  a  resilient  transition 
piece,  such  as  asbestos  canvas  isec  Fig  g-40) 
A  flexible  connection  is  particularly  recom¬ 
mended  if  the  unit  is  mouited  on  isola.ors 

1 3/  Noises  caused  by  du..t  flexing  (due  to 
thermal  expansion  and  contraction  or  varia¬ 
tions  m  internal  air  pressures*  van  be  -on 
trolled  by  bracing,  use  ol  sheet  metai  of 
adequate  gage,  and  avoiding  high  width  de?ih 
ratios. 


i 

%  *0 

v_4 
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( 1 )  Mount  equipment  on  vibration  iso¬ 
lators. 


(2)  Separate  inlet  and  outlet  environ¬ 
mental  control  urut  from  shelter  openings  or 


Figure  9-40  Art&'KiSttOn  of  *4otse  .n 
Dtscfutrge  Ductwork 
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CHAPTER  10 

COOLING  Of  ELECTRONIC  EQUIhttENY 


10-1  COOUNG  METHODS 

l  he  method  nufti  *o*nmonly  used  to  cool 
electronic  equipment  is  to  circulate  ouladc 
filtered  ju  through  the  cabinets  containing 
the  equipment  lemp-rature  regulation  can 
be  achieved  by  vary  ing  the  rate  o!  a  flow.  l! 
adequate  pooling  cannot  be  jUainea  with 
outside  air.  air  .ondiuomng  must  be  em¬ 
ployed,  but  the.  may  be  needed  only  tot 
cooling  equipment  which  is  extremely  tem¬ 
perature  sensitive  Heat  eonvcctcd  from  elec¬ 
tronic  apparatus  into  the  space  occupied  by 
personnel  can  be  reduced  by  isolating  the 
instrument  rtuks  and  providing  a  separate 
exhaust,  directly  to  the  outside  of  the  van,  lor 
the  air  used  in  cooling  the  apparatus  if  mos* 
vi  the  electronic  equipment  does  not  produce 
a  high  tesnpeutuie  nse  m  the  ceding  af.r. 
provision  of  a  separate  exhaust  to  the  outside 
may  be  Lotted  to  Those  components  that 
produce  a  high  temperature  nse  and  that 
would  otherwT-c-  overheat  tr.e  return  air 
Some  air  conditioning  installations  are  de¬ 
signed  to  circulate  The  conditioned  air  to  the 
operator' r  space  ftrvt.  then  to  the  electronic 
cabinets  41  the  ugh  this  is  not  the  most 
efficient  method  ot  cooling  electronic  equip- 
rn^nt  *«■* 

cases  where  cBR  protection  requirements 
must  be  met  \r.  uodesiraHe  feature  of  this 
proceduse  is  that  it  ;na'-  cause  the  operator's 

space  to  fi*  to*)  cOol 

IsoiiSy  the  cooims:  air  enters  at  (he 
bottom,  rea?  side  of  the  ck-.troUK  caLnets. 
and  Movers  tova'rd  at  the  top  draw  the  ai; 
upward  through  the  vuhu  its  4  slight  under¬ 
pressure  in  the  cabinets  prevents  the  cooling 
atr.  the  temperature  oi  which  may  nse  con¬ 
siderably  troin  leaking  into  »hc  personnel 
quarters  It  is  important  to  take  filter  iosst-s 


into  account  when  choosing  the  Mowers  for 
these  cooling  systems  If  necessary,  ducts  and 
vanes  may  be  used  inside  the  cabinets  to 
direct  the  flow  of  air  to  partKiUar  hnt  spots 

I  he  proper  design  of  a  cooling  system  tor 
c'  vtronic  equipment  r^wies  a  knowledge  ot 
tne  temperature  linuts  within  which  the 
equip_^nt  can  i unction  properly  Different 
parts  u2  a  given  v>)tcm  may  have  quite 
di! f erenl  toicra tiers  A  compute*,  fer  ex- 
ampk  may  have  a  memory  core  capable  ot 
withstanding  temperatures  up  to  i  20'  F .  while 
the  n  ags.etK  tapes  may  operate  satisfactorily 
only  withi*?  the  range  of  ~‘f  to  'Hi'  T  For 
cnucal  components,  it  is  essential  to  ewure 
that  an  of  suitable  temperature  flows  over  the 
component  at  a  rate  adec^uate  to  maintain  the 
temperature  ot  tne  component  witfesn  its 
tolerance.  The  problem  an  be  solved  using 
heat  transfer  theory  sn  the  cast  of  sample 
geometries.  However,  d  the  configuration  »> 
complex  ana  the  temperature  tofetan-.e  t> 
vHtival.  H  may  be  best  to  make  an  experi¬ 
mental  determination  of  the  „oolmg  at?  re 
qujements. 

4  practical  example  ot  the  analysis  ot  an 
r!ee*r<w!K  equipment  cooling  problem  i-  giver 
m  Kef  5  Appendix  D  of  Ret  1  analyses  the 
!vV*atnlr»>  ot  swing  an  outside  Mi  cooling  Lop 
to  reduce  the  air-conditioning  require**  r,t. 
and  Appendix  1  anafy  to  the  *u  flow  palierro 
through  racks  <>!  electronic  equipment  con¬ 
sisting  mostly  of  punted  ..a roc  stacked  verti¬ 
cally  in  baskets 

Another  practical  example  of  ekcUons* 
equipment  ,oolmg  can  be  found  tn  Re!  2. 
which  considers  the  problem  of  v  on  trolling 
the  ttrsiperatiflie  of  van-  and  shchfYed-en- 
ck-rved  electronic  equipmen,  with  particular 
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emphasis  on  its  relation  to  cquipmen*  per¬ 
formance  and  reliability. 

Heat  pipes,  which  transfer  heat  basically  by 
vapor  transport  and  capillary  action,  provide  a 
new  method  of  removing  *vaste  heat  and 
leveling  temperature  in  electronic  equipment. 
The  uses  of  these  thermal  conductance  de¬ 
vices  are  reviewed  in  Ref.  3. 

Thermoelectric  cooling  methods  being  de¬ 
veloped  may  provide  better  solutions  for 
some  problems,  particularly  for  spot  cooling4. 


10-2  COMPUTATION  OF  COOLING  RE¬ 
QUIREMENTS 

The  heat  load  on  the  environmental  control 
system  due  to  electronic  equipment  is  equal 
to  the  heat  value  of  the  electrical  power 
dissipated  as  heat  inside  the  controlled  en¬ 
closure.  Except  for  power  transmitted  from 
the  enclosure  fas  radio  waves,  for  example) 
this  will  be  equivalent  to  the  operating  power 
of  the  equipment.  This  load  often  accounts 
for  a  major  portion  of  the  total  cooling  load. 

Since  different  kinds  of  electrical  equip¬ 
ment  have  varying  usage  requirements,  a 
so-called  usage  factor  is  defined  as  the  ex¬ 
pected  power  requirement  for  a  four-hour 
period  divided  by  the  power  requirement  for 
continuous,  full-load  operation  for  a  four- 
hour  period. 

The  total  electronics  load  f/^is5 : 

'let  ~  3.413  £(Full  Load  Power  in  watts) 

X  (Usage  Factor),  Btu/hr  (10-1) 

The  summation  extends  over  all  equipment  in 
the  controlled  enclosure. 

One  method  of  computing  the  amount  of 
cooling  air  required  involves  use  of  the 
psy  chrome  trie  chart,  s-.j*  illustrated  by  the 
example  which  follows 

A  transmitter  requires  I  kW  of  power,  and 

If)  ? 


the  maximum  allowable  ambient  temperature 
for  its  components  is  1 50°F.  Conditioned  air 
of  63°F  dry  bulb  and  60°F  wet  bulb  (satura¬ 
tion)  temperature  is  available  for  cooling. 
Assuming  turbulent  flow,  (i.e.,  good  mixing) 
what  cooling  air  rate  in  cubic  feet  per  minute 
is  required? 

In  Fig.  101,  Point  A  designates  the  state 
point  of  the  processed  cooling  air.  Since 
moisture  is  neither  added  or  removed  during 
the  heating  process,  the  state  point  moves 
along  a  horizontal  line  to  Point  B.  which 
represents  the  maximum  allowable  tempera¬ 
ture  ( 1 50“ F).  The  difference  between  thc 
enthalpics  associated  with  points  B  and  A.  is 
48.0  -  26,4  -  21.6  Btu/lb.  The  mass  rate  w 
of  air  delivery  required  is: 

qe,  (Btu/hr) 

u  » - ,1b /hr  (10-2) 

change  in  enthalpy 
of  air  (Btu/lb) 


Therefore,  to  remove  heat  at  the  r.'tc  of  1 000 
W  or  3.413  X  1000  Btu/hr,  the  rate  v  hit 
How  required  is  3413/21.6  -  158  11, /hr.  Jii 
the  psychromctric  chart,  one  can  read  the 
specific  volume  r  of  this  air  in  the  cool  state, 
which  is  13.4  f t J /lb.  Then,  the  volume  late  Q 
of  air  delivery  can  be  computed. 


w  (lb/hr)  X  r  (ft^/lb) 
(>U  (min/hr) 


(10-3) 


Thus,  to  perforin  the  cooling  work  for  the 
equipment  of  this  example. 
(158  X  1 3.4)/60  =  35.3  elm  of  cool  air  are 
necessary. 

The  calculations  can  be  simplified  for 
commonly  encountered  causes  by  using  the 
following  formula: 

<J  =  3.1  11 A  T  (KM) 


Here  (J  is  the  required  flow  of  air  (din).  /’  is 
the  electric  power  in  watts  and  A7  is  t In¬ 
difference  between  Ihc  entrance  Icmpcraturc 
of  the  cooling  air  and  the  maximum  allowable 
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ambient  temperature  in  the  equipment.  For 
the  given  example  one  obtain*: 


3.1  X  1000 
(i50-63) 


35.6  efrn 


This  value  of  cool  air  delivery  compares  well 
with  the  result  of  the  more  detailed  cal¬ 
culation. 
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CHAPTER  11 

CHEMICAL,  BIOLOGICAL.  AND  RADIOLOGICAL  CONSIDERATIONS 


11-1  INTRODUCTION 

The  purpose  of  CbR  protection  is  to 
safeguard  personnel  and  equipment  from 
chemical,  biological,  or  radiological  warfare 
agents  including  radioactive  dust.  The  term 
“collective"  indicates  that  protection  is  af¬ 
forded  to  a  large  group  or  area,  in  contrast  to 
an  individual  in  the  open.  There  are  four 
categories  of  CBR  protection*. 

(1)  Category  A.  CBR  protection  equal  to 
the  standard  personnel  gas  masks  while  elimi¬ 
nating  the  human  element  (time-to-mask, 
mask  fit,  and  danger  of  continuous  exposure 
may  be  disregarded).  This  includes  an  air  lock 
to  allow  shelter  entrance  or  exit.  (The 
schemes  of  collective  protection  systems  for 
Category  A  are  illustrated  in  Pig.  11-1.) 

(2)  Category  H.  CBR  protection  equal  to 
standard  personnel  gas  masks  while  eliminat¬ 
ing  the  human  element;  no  air  lock. 

(3)  Category  ('.  Only  personnel  gas  mask 
protection. 

(4)  Category  D.  Shelter  space  sealed  from 
external  infiltration  and  inert  as  to  venti¬ 
lation. 

The  objective  of  CBR  environmental  con¬ 
trol  for  mobile  systems  is  to  provide  a  clean 
atmosphere  within  which  personnel  can  live 
and  work  without  special  clothing  or  masks. 
This  requires  that  purified  air  be  supplied  to 
the  protected  area  of  the  vehicle,  van,  or 
shelter  at  a  pressure  high  enough  to  prevent 
the  infiltration  of  chemical  and  biological 
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agents  and  radiological  particulates.  <  olk-clivc 
protection  is  also  provided  for  vital  equip¬ 
ment  whose  proper  functioning  could  be 
impaired  by  dust  and  the  effects  of  anti¬ 
materiel  agents. 

There  are  a  number  of  reports  that  consider 
the  collective  protection  of  vehicles,  vans,  and 
shelters*,  and  notable  among  these  are  the 
following. 

())  l-eanbilit)  and  Design  Stud \  Deports 

(a  Ret.  5  considers  the  collective  pro¬ 
tection  for  the  AN/TSQ-47  system  ut  shelters. 
The  appendix  of  tne  report  gives  a  detailed 
analysis  of  the  shelter  system  requirements, 
including  a  computer  program  for  C  BR  cal¬ 
culations.  The  body  of  the  report  includes 
plans  of  CP  systems  for  several  shelters. 

(b)  Ref.  6  is  a  report  on  a  design  study 
of  collective  protection  tor  the  M2‘>2  !  x- 
pansiblc  Van. 

(c)  Ref.  7  considers  various  approaches 
to  adapting  collective  protection  equipment 
to  the  AN/GSM-44  Shelter  System.  In  par¬ 
ticular,  Ihe  shelter  inside  temperatures  were 
computed  for  different  collection  protection 
equipment  (CPK)  systems. 

(d)  Ref  K  reports  on  a  feasibility  and 
design  study  of  the  application  of  collective 
protection  to  the  various  subsystems  o!  the 
AN/MSG-4  Antiaircraft  Defense  System. 

(c)  Ref.  9  reports  on  a  feasibility  study 


•Trie  collective  piotrition  of  Unki  and  lUurturn  (rquuiru 
Held  ••embly’  u  not  nmndered  m  thii  (  haptci 
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Figure  1 1-1.  Category  A  Collective  Protection 1 


of  the  collective  protection  of  the  AN/ 
MRC-6',  ,ind  AN/MRC-73  Radio  Terminal  Set 
Shelters. 

(0  Ref-  10  it  an  interim  report  on  the 
development  of  the  M9A1  Collective  Pro¬ 
tector,  including  a  discussion  of  filter  design 
problems. 

(2)  Test  Reports 

(a)  Ref.  1 1  is  a  report  on  an  engineering 
test  of  a  collective  protection  unit.  Measure¬ 
ments  of  the  temperature  rise  of  the  air 
caused  by  the  action  of  the  collective  protec¬ 
tion  equipment  and  vehicle  leakage  are  of 
particular  interest. 


(b)Ref.  12  reports  on  test  of  two  models 
of  flightline  taxi  designed  to  protect  per¬ 
sonnel  being  transported  in  a  chemical  and 
biological  environment. 

(3)  Modular  Collective  Protection  Equip¬ 
ment.  Ref.  1  is  the  final  report  on  the 
exploratory  phase  of  a  program  io  establish  a 
system  of  modular  equipment  to  provide 
collective  protection  to  a  variety  of  vehicles, 
vans,  and  shelters.  (Two  of  the  concepts  of 
modular  configurations  are  shown  in  Fig. 
1 1-2.)  It  was  concluded  that  modular  collec¬ 
tive  protection  equipment  should  be  provided 
to  cover  the  airflow  range  of  50  to  600  cfm. 
The  study  included  concept  studies  of  CPE 
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Figure  1 1-2.  Exploded  Views  of  Two  Concepts  for  Modular  Configurations 
of  Collective  Protection  Equipment 1 


components.  Subsequent  reports1 3,14  discuss 
tne  development  of  the  components. 

11-2  GENERAL  CONSIDERATIONS  OF 
COLLECTIVE  PROTECTION 

V.-2.1  KINDS  OF  CONTAMINATION 

Chemical  and  bacteriological  agents  can  be 
employed  as  a  gas,  an  aerosol,  and  in  the  form 
of  solid  particles. 

Radioactive  particulates  cause  radiation 
hazards  which  come  predominantly  from  fall¬ 
out  settling  on  roofs  and  other  exposed 
surfaces.  Mobile  equipment  usually  cannot  be 
adequately"  protected  by  radiological  shields 
because  of  the  additional  weight  required. 

11-2.2  AIRFLOW  REQUIREMENTS 

A  survey  conducted  by  the  Donaldson  Co. 
revealed  that  in  the  majority  of  applications 
to  mobile  systems,  airflow  between  1 00  and 
600  cfm  is  required1 .  By  talcing  into  account 
the  elasticity  of  system  designs,  four  design 
airflows  arc  recommended.  Fig.  II  -.1  illus¬ 


trates  the  design  airflows  and  the  rang.'  flic/ 
cover.  Systems  requiring  airflows  greater  t i ■  .i . :  ' 
600  cfm  can  be  assembled  from  several 
smaller  units. 

11-2.3  PRESSURIZATION 

The  purpose  ot  overpressure  in  flic  pro¬ 
tected  enclosures  is  to  prevent  flic  inflow,  ot 
outside  air  by  ways  other  than  through  the 
collective  protection  system.  Therefore,  the 
pressure  within  the  enclosure  must  be  higher 
than  the  stagnation  pressure  catiwd  by  wind 
velocity  and/or  the  speed  ot  the  moving 
vehicle.  A  design  value  is  SO  inpli  ot  combined 
wind  and  vehicle  velocity,  which  corresponds 
to  a  stagnation  pressure  of  1.2  in.  1 1- O'  Ibis 
pressure  must  be  added  to  the  van  static 
pressure.  Correct  pressure  is  normally  main¬ 
tained  by  controlling  the  influx  of  an  into  the 
protected  endosur*  In  some  applications  the 
outflow  air  is  regulated  by  an  anti-hackdraft 
value. 

11-2.4  PERFORMANCE 

In  the  designing  ol  a  collective  protection 

II' 
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Figure  11-3.  Recommended  Gas  particulate  Filter  Unit  (GPFUJ 
Design  Air  Flows  and  Ranges 1 


system,  design  goals  should  be  met  in  the 
following  order  of  priority: 

( 1 )  Performance 

(2)  Reliability 

(3)  Maintenance 

(4)  Weight,  size,  and  power. 

11-2.5  CLEAN  ROOMS 

M  : 

Repair  shops  for  delicate  electronic  equip¬ 
ment  require  clean  environments.  These  con¬ 
ditions  arc  obtained  by  providing  laminar  air 
flow  directed  vertically  toward  the  work 
surface  at  a  velocity  of  100  fpm.  Customary 
standards  for  controlled  environments  arc 
Class  100.000  per  FED-STD  209.  which 
stipulates  1 00,000  particles  per  ft3  of  0.5 

1 1-4 


micron  and  larger,  or  700  particles  of  5 
microns  and  larger.  Usually,  ambient  air  is 
passed  through  a  coarse  filter  and  then 
through  a  high  efficiency  filter  for  particles  of 
0.3-micron  size. 

11-3  COLLECTIVE  PROTECTION  SYSTEM 
COMPONENTS 

11-3.1  INTRODUCTION 

The  following  basic  components  are  re¬ 
quired  to  provide  collective  protection  lor  a 
mobile  enclosure  such  as  a  van  or  shelter: 

(1)  A  source  of  purified  air.  essentially  free 
of  CB  agents 

(2)  A  means  of  pumping  the  air  into  the 
enclosure  a i  a  pressure  high  enough  to  prevent 
infiltration  of  CB  agents 
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(3)  An  air  Jock  to  allow  entry  and  exit  of 
personnel  without  drastic  loss  of  pressure  and 
to  minimize  the  possibility  of  contaminating 
the  enclosure. 

11-3.2  AIR  INLET  PROTECTOR 

The  air  inlet  opening  must  be  protected 
against  a  variety  of  hazards.  Particularly  sus¬ 
ceptible  to  adverse  effects  of  the  environment 
are  the  gas-particulate  filter  units  (CPFU)  and 
the  blade#  of  the  blowers.  It  is  the  function  of 
the  air  inlet  protector  to  protect  this  equip¬ 
ment  against  damage  from  ingestion  of  solid 
or  liquid  materials.  The  air  inlet  protector 
may  be  provided  with  a  rain  shield  and,  if  the 
application  requires  it,  a  deep  fording  valve, 
which  automatically  doses  and  prevents  inges¬ 
tion  of  water  when  the  vehicle  fords  through 
deep  water.  While  the  air  inlet  protector  also 
shields  against  larger  objects  such  as  rocks  and 
twigv-bullet  proofing  is  usually  not  at¬ 
tempted.  An  example  of  an  air  protector  i> 
shown  in  Fig.  11-4.  The  air  inlet  should  be 


Figure  1 1-4.  Air  Inlet  Protector 1 


located  to  avoid  the  excessive  pick-up  of  dust 
and,  where  applicable,  engine  exhaust  and  gun 
fumes.  Dust  concentrations  arc  highest  at 
ground  level,  and  may  be  two  to  three  orders 
of  magnitude  lower  at  6  It  above  ground. 
Typical  dust  concentrations  that  may  be 
encountered  are  given  in  Table  11-1.  An 
extensive  list  of  dust  concentrations  that  may 
be  encountered  in  military  activities  is  given 
in  Ref.  15. 

11-13  PREFILTER 

A  prefilter  or  dust  collector  should  remove 
about  *>(/;;  of  the  dust,  l  or  efficiency  testing. 
Standard  At'  ( coarse )  Test  Dust  is  used*. 
Simple  prcfilicrs  consist  ol  several  layers  oi 
expanded  aluminum  sheets,  fibrous  glass,  oi 
metal  gauze.  Cyclone  type  dust  collectors, 
even  though  more  complex,  are  preferred 
because  of  continuous  performance  with  less 
maintenance.  Fig.  11-5  shows  a  schematic 
drawing  of  a  dust  cyclone.  big.  i)-<>  shows 
typical  arrangements  using  cyclones  lor  con¬ 
tinuous  dust  removal.  The  two  arrangements 
shown  differ  in  the  amount  ol  dust  to  which 
the  main  fan  propeller  blades  are  subjected. 

11-3.4  BLOWERS 

A  detailed  discussion  oi  blowers.  especially 
a  comparison  ol  basic  types,  may  be  found  m 
Ref.  1.  Design  procedures  lor  identifying 
requirements  and  selecting  a  booster  blower 
are  given  in  Ref.  5.  in  conjunction  with  an 
analysis  of  CBR  protection  lor  j  'ystein  o* 
shelters. 

blowers  should  be  able  to  operate  lor  500 
hr  without  maintenance  or  repair.  Ol  partic¬ 
ular  concern  to  the  design  engineer  arc  the 
noise  levels  generated. 

11-3.5  PARTICULATE  FILTERS 

The  purpose  of  the  particulate  liber  is  to 
filter  out  solid  particles  such  as  dust,  bacteria, 
and  liquid  droplets  having  diameters  down  io 
about  0.3  micron  or  smaller.  Design  require¬ 
ments  are:  removal  of  W.Wi  ol  0.3  micron 

•Supplied  by  A(  Spjrk  Pin?  Mu'. 
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TABLE  11-1* 

OUST  CONCENTRATIONS  FOR  DIFFERENT  TRANSPORT  CONDITIONS 


Terrain 

Vehicle 

Type 

Vehicle 

Speed 

mph 

Desert 

Tracked 

20-30 

Oesert 

Heavy  Tracked 

10 

Cross  Country 

Heavy  Tracked 

10-20 

Gravel  Road 

Heavy  Track'd 

10-20 

*  1  jken  tfiwn  krf. 

i.  ‘Ahith  tupwaruct  uii  ti  <u. Uon 

ut  Kcl.  16. 

particles,  and  filter  and  pr-  'iltcr  to  hav*  •* 
dust  capacity  capable  of  handling  the  intaV 
of  coarse  test  dust  at  a  rate  of  0.02S  g/ft3  L 
24  hr.  During  the  service  life,  the  air  resis¬ 
tance  of  the  filters  should  not  increase  to  a 
level  where  proper  functioning  of  the  collec¬ 
tive  protection  system  is  impaired.  Typical 
particulate  filter  material  is  a  glass  fiber  media 
( Ml  L-F-5 1 089).  A  conventional  filter  panel 
design  is  shown  in  Fig.  1 1-7.  Attention  must 
be  paid  to  the  proper  sealing  at  the  edges  of 
the  filter  material.  (MIL-E-51065  is  applicable 
to  the  sealant.)  For  further  details  of  the 
construction  of  particulate  filters,  consult 
Ref.  1 7.  A  list  of  existing  military  particulate 
filters  is  given  in  Table  1 1-2. 

11-3.6  GAS  FILTERS 

The  gas  filter  shall  be  capable  of  providing 
protection  against  all  gaseous  toxic  warfare 
agents.  As  a  measure  of  this  protection,  the 
filter  shall  have  an  operational  safe  life  at  its 
rated  airflow  greater  than  20  min  when  tested 
with  a  concentration  of  10  mg/litcr  of  phos¬ 
gene.  The  absorbent  agent  is,  c.g.,  type  ASC 
whcttcrucd  charcoal  (MILC-13724A).  One 
filter  design  (Types  Ft;  1  and  Eo5)  is  shown  in 
Fig.  1 1-8.  The  cloth  fine;  media  indicated  in 
Fig.  1 1-8  prevent  fine  charcoal  dust  from 
escaping.  This  fine  d  jst  is  created  by  attrition 
due  to  vibrations  in  the  installations.  Other 
critical  components  of  the  filter  construction 
arc  gaskets  and  sealants.  The  design  of  gas 
filters  is  coveted  in  Refs.  1  and  6.  Table  1 1-3 
gives  a  list  of  presently  available  gas  filters. 


Sampler 

Sampler 

Distance 

Height 

from 

Above 

Duct 

Vehicle. 

Ground, 

Concentration, 

ft 

ft 

e/ft3 

20 

5 

0.10  0.20 

20 

5  •  6 

0.05  -0.10 

2u  -  40 

5 

0.005  0.05 

50 

6 

0.0005  •  0.005 

There  are  plane  and  cylindrical  constructions. 
The  major  deficiencies  of  these  filters  at 
present  are  their  size,  weight,  and  sensitivity 
to  malfunction  due  to  vibration. 

11-3.7  FILTER  UNITS 

The  L'.  S.  Army  has  standardized  a  number 
of  module  filter  units  which  include  as  com¬ 
ponents  a  prefilter,  particulate  filter,  gas 
fitter,  and  an  integral  blower  unit.  The  charac¬ 
teristics  of  some  of  these  units  arc  listed  in 
Table  11-4.  An  arrangement  is  shown  in  Fig. 
11-9.  The  aim  of  present  and  future  develop 
inert  efforts  will  be  to  construct  the  various 
components  of  a  collective  protection  system 
in  module  form  which  ensures  savings  in 
maintenance  and  repair.  It  will  then  be 
desirable  to  reduce  the  number  of  stan¬ 
dardized  modules  to  a  minimum.  For  applica¬ 
tions  with  high  airflow  requirements,  a  com 
bination  of  several  modules  in  parallel  may 
become  neccssaij.  A  schematic  of  such  a 
concept  is  shown  in  i  ig.  1  i  - 1 0. 

11-3.8  CONTROL  OF  PRESSURE 

A  mcar..>  of  rcgul  >  ing  the  picssure  is  an 
antibackdraft  valve.  It  allows  air  to  flow  from 
the  inside  of  the  enclosure  to  the  outside,  but 
not  in  the  icvcrsc  direction.  In  its  simplest 
form,  as  illustrated  in  Fig.  11-11.  the  valve 
consists  of  a  hinged  plate  which  lifts  up  when 
the  interna]  pressure  works  against  its  weight. 
The  adjustable  weight  position  determines  the 
pressure  drop  across  the  vaivc.  This  construe- 
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Ffgftr?  1 1*5.  S***isiht-th3*t  Dost  Separator 
Tube  C  ycktne  Princip*;  * 


tion  b  my  susceptible  to  vibrations,  but  the 
dashpot  helps  to  dampen  them.  Other  forms 
of  regulat mg  valve*  consist  of  motorized 
loams  or  blades  actuated  by  pressure 
switches,  fteasure  sensors  and  control  loops 


sit  necessary  m  ..ia  latter  cor  &t*i.  in 
designing  wh  i  control  loop,  (.are  most  be 
exercaod  to  avoid  unstable  modes  which 
could  lead  to  pressure  cycling  annoying  to  the 
shelter  occupants. 

11-3.9  CONTROLS 

The  controls  required  for  collective  protec¬ 
tion  systems  comprise  switches,  indicators. 
cud  lit  breakers,  and  warning  devices.  In 
particular,  some  shelter  systems  have  both 
vicual  and  audible  alarm  indicators  which  alert 
the  operator  if  the  pressure  in  the  enclosure 
drops  below  the  danger  point.  A  man«»aU> 
operated  switch  serves  to  turn  off  the  audit-' 
alarm,  which  automatically  resets  for  a  next 
time.  One  component  of  the  control  panel  is 
an  elapsed  time  meter  which  indicates  mainte¬ 
nance  interval  requirements  of  the  system. 

11-3,10  PROTECTIVE  ENTRANCES 

A  protective  entrance  is  used  to  provide  a 
means  of  safe  entry  and  exit  of  personnel  into 
and  from  the  protected  area.  This  maintains 
the  protective  integrity  of  the  protected  area 
durirj;  entry  and  exit.  The  pressure  of  the 
protective  entrance  »  maintained  at  a  level 
higher  than  atrooqmcuc  pressure  but  lower 
than  the  pftwere  inside  the  shelter.  This 
prevents  po**b&  contaminated  air  in  the 
protective  entrance  from  penetrating  into  the 
shelter.  In  the  latest  systems,  the  protective 
entrance  is  neither  heated  nor  cooled. 

Ease  and  rapidity  of  k  lation  are  of 
paramount  importance  wit*,  protective  en¬ 
trances  ''enstruction  of  protective  entrance 
for  ve!  Jes,  vans,  and  ,  ottable  shelters  is  of 
fabric,  such  as  butyl  coated  nylon,  and  a 
supporting  frame.  The  passage  doors  are 
usually  sealed  by  means  of  spring-loaded 
interlocking  flaps  or  by  rippers.  A  small 
window  with  tJBckcmt  curtains  is  provided. 
For  mote  details  see  Ref.  1.  Procedures  for 
decontamination  of  personnel  and  material 
entering  the  protective  entrance  area  are 
treated  in  the  system  operator  maintenance 
manuals. 


(A)  Oust  Qtftetor 


OUST  EXHAUST 
BLOWER 


OUTLET  ORIFICE 


uigHb* 


Figure  1 1-7.  Typical  Panel-type  Particulate  Filter  Construction 1 


114  INSTALLATION  AND  MOUNTING 

Soitk  of  the  veliicics,  vans,  and  shelter 
that  require  collective  protection  specify  that 
the  protective  filter  be  mounted  inside  the 
protected  shelter,  while  others  specify  that  it 
be  mounted  outside.  The  internal  application 
is  usually  specified  for  combat  vehicles,  such 
as  the  Main  Battle  Tank  and  Mechanized 
Infantry  Combat  Vehicle,  to  provide  protec¬ 
tion  of  the  filter  from  battle  damage.  Vehi¬ 
cles,  vans,  and  shelters  with  logistic  missions 
generally  do  not  require  that  the  filter  be 
mounted  within  the  protected  area,  both 
because  there  is  no  need  for  protecting  it  and 
because  ;ntemal  space  is  limited.  In  addition, 
the  noise  generated  by  the  fans  would  be 
objectionable  to  the  usage  of  some  shelters.  In 


some  instances  filters  must  be  mounted  inside 
the  van  or  shelter.  If  radiation  protection  is 
required,  internal  filter  installations  will  re¬ 
quire  a  radiation  shield. 

The  internal  and  external  mounting  of  the 
filter  require  different  designs  to  protect 
personnel  within  the  shelter  from  CB  agent 
contamination.  When  the  unit  is  mounted 
within  the  protected  enclosure,  the  main  fan 
or  air  supply  is  mounted  downstream  from 
the  filters  so  that  the  air  is  pulled  through  the 
filters.  This  provides  a  pressure  within  the 
filter  housing  Sower  than  that  within  the 
surrounding  protected  shelter.  Thus,  any  leak¬ 
age  in  the  filter  housing  results  in  clean  air 
from  the  enclosure  leaking  into  the  filter 
housing.  For  external  mounting,  the  filter  is 
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TABLE  11-2 

EXISTING  PARTICULATE  FILTERS  FOR  COLLECTIVE  PROTECTION  SYSTEMS* 


Rated 

Overall 

Maximum 

Filter  No. 

Flow, 

Dimensions, 

Air  Resistance, 

cfm 

_ in. _ 

in.  HjO 

M9A  1 

150 

24  x  24  x  3-1/16 

1.0 

M 1 3 

12 

7  x  5-1/2  x  1-7/8 

0.7 

Ml  9 

20 

7  x  5-1/2  x  4-1/8 

0.94 

M24 

150 

22x21  x  2 

1.0 

M22 

400 

21-3/4  x  16x9 

1.1 

C1SR1 

600 

24  x  24  x  5-7/8 

1.25 

C19R1 

1,200 

24  x  24  x  11 

1.25 

C20R 1 

5,000 

<8  x  48  x  1 1 

1.25 

C30R 1 

2,500 

24  x  46-1/2  x  11 

1.0 

C47 

2,400 

43x31-1/2x6 

2.0 

XM3‘j” 

400 

24-3/4  x  12-3/4  x  6 

0.79 

XM37” 

250 

24  x  14  x  4 

0.58 

♦List  provided  by  Physic*!  Protection  Lib,  Defenu  Development  and  Engineering  Laboratories, 
Edgewood  Arsenal,  Maryland. 

••Type  classification  anticipated  by  end  of  1QFY7I. 


TABLE  113 


EXISTING  GAS  FILTERS  FOR  COLLECTIVE  PROTECTION  SYSTEMS' 


F.  er  No. 

Rated 

Flow, 

cfm 

Overall 

Dimensions, 

in. 

Air 

Resistance, 
m.  H:0 

10  mg/liter 
Phosgene 

Gas  Ufa. 
mbn 

M18 

10 

5-5/8  die.  x  9-1/4 

1.4 

31 

IVI12A1 

12 

5-7/8  x  B-IS/’B  x  3 

4.2 

28 

C22RK1) 

600 

25-1/2  x  25-1/2  x  29-1/4 

175 

48 

C32RK2) 

1,200 

25-1/2  x  25-1/2  x  51-5/8 

1.50 

48 

C29R1(3) 

2,500 

25-1/2  x  48  x  51-1/2 

1.50 

48 

C23RH4) 

5,000 

48  x  40  x  50-3/4 

1.50 

48 

M21 

100 

22  -1/2  x  21  x  2  -11/16 

2.3 

33 

M10 

150 

24  x  ?4  x  2-11/16 

4.5 

46 

M23 

150 

22x21  x  2 

3.6 

22 

C49 

220 

24  x  43  x  M/4 

2.1 

18.5 

XM34I5) 

400 

24-3/4  x  12-3/4  x  12 

3.6 

22.3 

XM36I5) 

250 

28  x  14  x  7 

2.7 

31 

( 1 1  Assembly  consisting  of  10  CIO  modules 

(2)  Assembly  constating  of  10  C31  modulo* 

(3)  Assembly  consisting  of  10  C21  modules 

(4)  Assembly  consisting  of  20  C21  modules 

(5)  Type  classification  enticipeted  by  end  of  1QFY71 

•Lilt  Prodded  by  Physical  Pro  taction  Lab,  Defense  Development  and  Engineering  Laboratory**, 
Edgewood  Artemi,  Maryland. 
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STANDARD  CB  FILTER  UNITS 
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■.at  provided  by  Physical  Protection  Lab,  Defense  Development  and  Engineering  Laboratories,  Edge  wood  Arsenal.  Maryland. 
’*See  Table  1 1-3.  One  filter  is  used  unless  indicated  otherwise  by  number  ir,  parentheses. 

ASee  Table  1 1-2.  One  filter  is  used  unless  indicated  otherwise  by  number  in  parentheses, 
f  Type  classification  anticipated  by  end  of  1QFY71. 
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(A)  Drawing  showing  inttallation  of  shelter  wall 5 


fB)  Itometr/c  View 1 

Figure  11-11.  Antibackdraft  Valves 
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asrfmsi&ei  fey  u  intaessaareti  age  jo  l&e  sssis 
1*5  m  ss1  uippry  »  fc«£rted  upstream  Irons  the 
ffife**'  thus  pfeuestn/mf  she  filter  hoosaag 
above  the  ambknc  air.  Any  leakage  sn  the 
bm»hsg  will  result  m  air  leaking  out,  rather 
than  the  contaminated  air  leaking  into  the 
housing,  and  posibiy  entering  the  shelter. 
The  modular  approach  facilitates  application 
of  the  unit  to  either  push-through  or  pall- 
through  configuration. 


Typical  arrangements  of  CBR  systems  are 
shown  schematically  m  figs.  1 1-1 2  and  11*3 
4s  ts  true  for  many  military  air-eoaditiomng 
inualkttsms,  CB  protective  equipment  may  be 
mounted  on  trailers  for  storage,  transport, 
and  operation.  If  the  trailer  is  used  for  remote 
mounting,  it  e  necessary'  to  run  electrical  lines 
and  air  duct3  between  the  conditioned  space 
and  the  remote  CB  protection  imit.  Ftg.  N-14 
illustrates  a  remote  mounting. 


,wo«  •*»>• 

-*#*  «.  r*  «**«**w^  '  ~  ~  **  •  «- 


Figure  1  f- 12.  Typical  CPF  Air  Dhtribvtiots  Methods  ** 
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APPENDIX  A 


FUNDAMENTALS 


AMCFTHtlMr 


I. 

■% 


A-1  THE  FSYCMROMETRIC  CHART 

The  interrelationships  between  the  ihenmo 
dynastic  sasntitks  of  t!jc  mixture  of  air  snd 
water  vapor  an*  represented  in  a  concise  form 
on  the  psyehrometrk  chart.  The  U.S.  Army 
P*y  chrome  trie  Chart.  Fig.  A- 1,  gives  the  fol¬ 
lowing  quantities4 : 

( 1 1  Dry  itutb  Temperature.  °F 

$2)  Wet  Bulb  Temperature.  aF 

(3)  Enthalpy.  Btu  per  pound  of  dry  air. 
(The  chart  gives  the  enthalpy  in  the  air  and  its 
associated  moisture,  relative  to  dry  air  at  iff, 
expressed  as  Stu  per  pound  of  dry  air.) 

(4)  Relative  Humidity 

(5)  Humidity  Ratio,  grains  or  pounds  of 
moisture  per  pound  of  dry  air.  (The  dry  bulb 
temperature  and  the  humidity  ratio  form  the 
linear  orthogonal  coordinate  system  of  the 
psychrometric  chart.) 

(6)  Specific  Volume,  cubic  feet  per  pound 
of  dry  air 

(7)  Effect  or  Temperature  (ETf.  4F. 

If  any  two  of  the  above  quantities  arc 
specified,  at!  the  ether  quantities  can  he  read 
from  the  psychrometric  chart.  In  particular, 
for  a  change  between  given  initial  and  final 
conditions,  the  amount  of  energy  invoked  is 
given  by  the  difference  in  the  corresponding 
enthalpies 


*S«  (4o mm  ft*  4efwit*xic 


A  3  OVERALL  HEAT  TRANSFER  COEF¬ 
FICIENT 

Tire  overall  heat  transfer  coefficient,  as 

V  factor,  of  a  wall  tXtr*  be  derived  from  the 

expression  ~ 

V  - - ' - .  <A-II 

***7*7 

1  i  *« 

where  ZR  represents  the  sum  of  the  thermal 
resistances  of  all  layers  of  materia!  (including 
air  spaces)  composing  the  wall,  and  and  f0 
are  the  air  film  conductances  at  the  inner  and 
outer  surfaces,  respectively.  Typical  values  of 
film  conductances  are  {Ref.  4.  Ch.  26): 

f(  =  2  BSu/(hr-ft3-°F) 

fn-  *  Btu/(hr-ftJ-*’F).  for  an  outside  at 
velocity  of  7.$  mph 

f0  ~  6  Btu/(hr-ftJ-°F>,  for  an  oyiside  air 
velocity  of  1 5  mph. 


Titus,  considering  that  the  contribution  of  £R 
is  dominant.  a  practical  formula  for  typical 
outside  de*£n  conditions  is 


With  the  smaller  value  of  fa,  wc  have 


ZR  +  0. 75 

ami  wiih  the  tarrer  value  of  we  have 

ZR  *  ( ho  7 
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Fif*f*A-1.  US.  Amy  toychrwnmk  Cfmt 


4itf  AM  <0  WM  KM  Ail  U«  AdMANi) 


tmpn&m 


V  =  IrtTTTP?  •  <A-2) 

ZR  + 0.7 

provided  R  has  the  reciprocal  units  of  U. 

lis  average  overall  heat  transfer  coefficient 
of  an  enclosure  can  be  detemaned  with  s  test 
chamber  in  whkh  it  is  po«sbk  to  control  the 
temperature.  The  van,  shelter,  or  other  en¬ 
closure  to  be  tested  b  placed  inskk  the  test 
chamber.  Then  a  beat  source  which  generates 
heat  at  a  known  rate  is  placed  inside  the 
enclosure  so  that  heat  is  distributed  uniformly 
within  it  When  equilibrium  conditions  are 
established;  the  U  factor  is  given  fey 


depends  on  the  failure  rate  oi  each  of  the 
components  in  a  system.  To  ceterrabe  list 
MTBF,  one  mm,  start  by  preparing  a  model 
showii^  the  rdatkm  of  all  she  functional 
compcnstls  is  the  system.  Asmraing  that 
component  t allures  are  mutually  iodtepesdeat 
and  that  alt  components  must  perform  satis¬ 
factorily  for  the  system  to  perform  saifc- 
faeforfly,  if  follows  that  the  failure  rate  of  the 
system  is  the  sum  of  the  failure  rates  of  ail  its 
components.  Then 


MTBF  = 


1 

Sun  of  Individual 
Failure  Rates 


(A-4) 


U  =  — 1— ,  Btu/(hrftJ0F)  (A-3) 

A  it]  ~fa) 

where 

A  =  total  surface  area  of  enclosure,  ft* 

q  -  rate  at  which  heat  b  generated  imade 
the  eadoaure,  Btu/hr 

t,  -•=  average  temperature  inside  the 
enclosure,  °F 

iQ  *  average  temperature  outside  the 
endosisre,  ®F 


An  example  of  a  relkfcfcty  analysis  for  three 
alternative  environmental  control  systems  is 
given  in  Appendix  0  of  Ref.  1.  Additional 
information  on  the  assessment  of  system 
reliability  can  be  found  in  Ref*.  2  and  3.  Ref. 
4  provides  failure-rate  data  on  many  com¬ 
ponents  of  maMtary  hardware. 

Reliability  R  is  defined  by  the  formula 

R  *  exp  [-t!WBF!  (A-5) 

*itCk« 

t  -  nmmm  time 


Although  this  procedure  does  fist  accurate¬ 
ly  simulate  tin;  outdoor  conditions  (mainly 
the  wind  velocity  and  radiation  factors)  the 
value  obtained  is  suitable  for  applications 
within  the  scope  of  the  handbook. 

A-3  MEASURES  OF  RELIABILITY 

A  measure  of  the  rehafciiity  of  a  device  fe 
the  meaii-tmsc-hefwnm-faiutes  (MTBF).  It 


MTBF  *  mearj-tiew-be  tw  een-fail  ures 

The  reiiabsliiy  of  a  taut  with  a  given  MTBF 
is  the  probability  that  the  uni:  wiii  operate 
without  feiare  tm  a  period  t.  Values  of 
MTBF  cm  be  established  for  a  coraporaent  by 
records  of  its  performance  whie  in  use  or  fcy 
reiafeSity  dmonstration  test*.  For  a  given 
MTBF,  the  re&biity  eemraes  if  the  muason 
Usne  h  increased. 
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This  report  a  m  astute  re-exanMnation  of 
the  whole  gamut  of  pulled  technotogy 
of  reliability  m&mctm  of  decfromic  tad 
cfectromechackfti  sys fees.* 

3.  Rct&miy  Document  LMSC  447458 . 
Lockheed  Missile  and  Space  Company, 
Sumiyvale,  Calif.,  6  June  1962. 

This  document  is  a  comprehensive  presen¬ 
tation  of  techniques  to  he  utilized  in  the 
assessment  of  system,  component  and  part 
reliability  coroiderstkm*  encountered  dur¬ 
ing  deign,  ssanufseture  and  test* 

4.  Bureau  of  Hsval  Weapons  (BuWeps),  Fail¬ 
ure  Rate  Data  Handbook,  (FARAD A) 
SP63-470. 

FAEAD4  is  a  ftuWeps-sjKMJsorrd  service 
to  provide  reliability  design  data  to  pdine 


contractors  enpged  in  the  design,  develop¬ 
ment,  and  prod  actios:  of  hardware  for 
various  submarine,  ship,  aircraft,  gu&kd 
missile,  satellite,  and  ground-support 
equiptnent  programs.  MiBiary  contractors 
and  others  participating  in  the  program 
contribute  failure  vale  data  from  informa¬ 
tion  obtmKa  in  their  programs.  The  *  -«s- 
matted  data  are  revised  periodkaky  as  new 
informs:  tioa  becomes  available.  There  are 
about  124  contributing  sources  (none 
identified  by  name)  who  supply  data  in 
two  categories:  electrical  and  electronic 
csmgsggste  and  mechanical,  hydraulic, 
pneumatic,  pyrotechnic,  and  raisceiiascous 
components.  Each  failure  rate  presented  is 
identified  as  to  source  and  the  data  from 
which  it  was  computed.* 
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z*mKDIX  8 

DESIGN  CR*TB?IA 


8-1  CLIMATIC  DESIGN  CftlTFfttA 

The  policy  regarding  climatic  design  criteria 
for  Army  materiel  is  given  in  Ref,  1 : 

‘*3-2.  Folsy.  il  Climatic  considerations 
Witt  he  included  in  RDTB  [Rest arch. 
Development  *sd  Evaluation]  of 
Army  Materiel  to  provide  safe  and  effec¬ 
tive  materiel  for  areas  of  intended  use 
(operation,  arid  storage  and  transit).  The 
Antarctic  continent  is  excluded  from 
cosaideratios  as  aa  area  of  intended  use. 
b.  Standard  general  purpose  materiel 
will  be  designed  for  safe  and  effective 
use  in  the  intermediate  and  wet  climatic 
categories  (Categories  1,2*5,  and  6  de¬ 
fined  in  Chapter  2).  Materiel  for  use  in 
other  climatic  categories  will  be  provided 
by  designing:  (I)  standard  materiel 
capable  of  such  use;  (2)  special  materiel 
exclusively  for  such  use;  or  (3)  modifi¬ 
cation  kits  which  adapt  new  standard 
materiel  or  previously  type-dassilkd 
standard  materiel.  The  approach  chosen 
will  be  that  which  provides  satisfactory 
mutts  in  the  most  economics!  manner, 
considering  extent  of  deployment  hi 
each  area  of  intended  use,  the  develop¬ 
ment  state  of  the  art,  and  the  time 
required  for  development  For  example, 
if  certain  materiel  fa  to  be  used  only  is 
extreme  cold  conditions,  the  second 
approach  above  would  be  selected  as 
most  owe*.” 

Bet  t  defines  the  various  ciimatk  cate¬ 
gories  by  specifying  the  conditio**  of  ass  and 
water  temperature,  sola*  radiation,  water 
vapor,  precipitation,  snow  sod  king  phenom¬ 
ena,  winds,  atmospheric  pressure,  and  blowing 
a and  and  dust  Utesperet&ital  condition*  of 


temperature,  humidity  and  solar  radiation  for 
the  Intermediate  ana  we/  climatic  categories, 
which  are  used  in  most  applications,  are 
quoted  in  the  paragraphs  which  follow. 

Category  i,  wsi-warm.  "Persistence  of  rel¬ 
ative  humidity  above  95  percent  in  associa¬ 
tion  with  temperature  nearly  constant  at 
75°F  occur  for  periods  of  a  day  or  more.’* 

Category  2,  wet-hot.  “Four  contiguous 
hours  with  an  ambient  temperature  (4-6  ft 
above  the  ground)  of  95°F,  a  maximum 
ground  surface  temperature  of  130s F,  maxi¬ 
mum  solar  radiation  (horizontal  surface),  at  a 
rate  of  360  Btu/fiVhr  for  not  more  than  4  hr, 
a  windspecd  test  than  5  knots  concurrent  with 
the  high  temperatures,  and  relative  humidity 
of  74  percent  concurrent  with  the  high 
temperatures.” 

Category  5.  intermediate  hot-dry.  “Four 

hours  with  an  ambient  air  temperature  (4>6  ft 
above  the  pound)  above  105*F  with  an 
extreme  temperature  of  1  l(f  F  for  not  more 
than  I  hr.  a  maximum  pound  surface  temper¬ 
ature  of  130°  F,  solar  radiation  (horizontal 
surface)  at  a  rate  of  360  Bt«/ft3/hr  for  not 
more  than  4  hr,  and  a  windspeed  between  5 
and  10  knots  during  period  with  temperature 
above  !G5*F.  For  elevations  of  3,0<k*  ft 
30,000  ft.  the  ground  surface 
and  wind  remain  the  same,  but  a# 

temperatures  decrease  5°F  per  IJUS)  fi  and 
k £*s  radiation  iecre^  at  a  of  4 
Btu/lWhr  per  1.000  fi.” 

Category  6.  intermediate  ctM,  “Six  con¬ 
tinuous  hours  with  an  *ssfctent  air  tempera¬ 
tures  (4-6  ft  above  the  ground)  of  ~25*F,  a 
mahmua  ground  surface  (tmpmfure  -35*F, 
windowed  leas  than  S3  knot*,  legible  solar 


B*1 


timsrtw-fm 


radiation  (hoifeontal  surface),  and  humidity 
tencSiig  toward  saturation.  Infrequently, 
w'ffitdjpecda  greater  than  10  knots  may  be 
associated  with  temperatures  of  ~250F." 

m  allowable  cabsqn  ^owokios 

COttCERTRATIQblS 

In  aossJtdarsse  with  Ref.  2,  car  ban  monox¬ 
ide  cm&tm&xxfkm  should  not  exceed  the 
average  values  f or  the  intervals  indicated  in 
Tabic  ft- 1. 


TABLE  »-t 

SUAXimm  ALLOWABLE  COSCEWTAATKm  OF 
CARBOH  WQHQXttSE 


Tiiea  tepgpgwtt 


CO  CawwwarMfew,  * 


tO  sac  0.60 

20s*c  0.24 

40  sac  0.12 

tinb  0.08 

3  min  0.03 

S  mm  0.02 

60  min  0.01 

Mo**  than  mm  0.005 


B4  HOISE  LEVEL  SPECIFICATION  to  he  exposed  to  steady  noise  levels  exceeding 

those  given  in  Table  B-2.  Where  continuous 
The  maximum  noise  level  permitted  in  peneo-to-pmon  (nonciectricaliy  sided)  oan- 

ptraofiftfhocsupied  space  of  equipment  de-  immication  of  information  is  a  system  le¬ 
agued,  developed,  or  procured  by  tho  Army  qinremeat,  the  steady  noise  levels  should  not 

Materiel  Command  and  the  testing  require-  ciceed  those  given  in  Table  B~3.  Noise  icduc- 

ments  for  determining  conformance  to  the  tfon  may  not  be  accomplished  by  specifying 

permitted  levels  are  established  by  HEL  mandatory  use  of  car  protective  devices  ex- 

Stagdard  S-2-64A*.  This  standard  specifies  eept  in  avoid  prohibitive  cost  or  degradation 

thiil  equipment  for  operating,  trafeksg*  or  of  system  effectiveness  (as  determined  by  the 

maintenance  task*  shall  not  require  personnel  procuring  activity). 

TABLED 

ttARWRJtt  STEADY  STATS  mm  LEVEL  FOR 

A#*rr  aMfztim  coaowrao  zauvmm 


A.  Coiw&weiat  Frepxrsewi  ASA  224.10-1*68* 


UexHx 

ICafea 

1% 

Kt 

88 

3r7.S~  75 

53 

120 

75  -  tie 

50S 

m 

ISO  -  300 

212 

100 

3EB  -  990 

425 

191 

800-1200 

860 

S3 

1200  -2400 

1700 

90 

2400  -4800 

3400 

80 

4898  -  9800 

8800 

91 

8.  Pur&srrwt  Frwjoenoas  ASA  St. 6- 1960* 

OetenlmeUMtce. 

Cwmr  Fwapewey, 

Ms 

Hr 

88 

44  -  3? 

S3 

119 

*7  -  m 

125 

114 

175-380 

250 

107 

310  -  760 

800 

99 

730  -  1400 

1000 

§1 

1400  -  2850 

2000 

91 

3900  -5000 

m 

9180  -11200 

8960 

it 

*SSSmm  £52  h  <L3»83  «Ib<»w. 
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MAXIMUM  STEADY  STATE  WOtSC  LEVEL  FOB  MOMELECTRICALLY  A5GED 
l»S8SO*>TO*6RSOSi  COMSKMiCATlOSJ 

A.  Commercial  Frequencies  ASA  224,10-  19!®5 


Ottawa  Seed  Umils, 

CwHl 

Hi 

m 

dt 

37.S  -  75 

5.x 

79 

75  -  ISO 

106 

73 

160  -  300 

212 

68 

300-600 

425 

64 

600  -  1200 

850 

62 

12®  -24QC 

1700 

60 

2400  -4800 

3400 

58 

4S00  -9600 

S89Q 

S 7 

B.  Preferred  Frequencies  ASA  S  1.6- 1960* 

Ocww  Sand  Untffc, 

Cmtr  FftMtyMJicy* 

%tatLw*i’ 

Hz 

H* 

dS 

44-87 

63 

77 

87  -  175 

125 

72 

175  -  350 

250 

67 

350  -  700 

600 

63 

700  -  1400 

1000 

61 

1400  ~  2 090 

2000 

50 

2000  -  5800 

4000 

58 

5600  -  11200 

8000 

57 

•Katowice  >twl  k  0.0003  w4emhct. 

» 

Ref.  4  gives  a  practical  example  of  a  study 
to  determine  how  much  acoustical  material  is 
required  in  a  shelter  to  comply  with  the 
requirements  of  Table  R-3A. 


*4  EFFECT  OF  NOISE  UN  VEKSAL  COM 
MUtttCATfOK 


The  effect  of  noise  on  verbal  communica- 
tkm  can  be  expressed  in  terms  of  the  Speech 
interference  LereL  in  accordance  with  Ref.  2: 


"The  speech-hrtertemsae  level  fSL) 
describes  how  effectively  notoe  masks 


speech.  SIL  is  defined  as  the  as*  rage  (in 
(IS)  of  the  masking  noise's  *oumi  levels 
in  three  octave  lands:  600  to  1200. 
1200  to  2400,  and  2400  to  4S0Q  Hertz 
(Hz).  Sometimes  speech  interference  can 
be  predicted  better  by  abc  average  in 
the  300-600  Hz  band  if  it  is  10  dB  or 
more  louder  than  the  600- 5  200  Hz  band. 
The  SJL  cannot  be  used  if  the  marlin 
noise  has  interne  low- frequency  compo¬ 
nents  or  if  it  la  concentrated  in  a  narrow 
band.  The  distance  and  voke  few*  which 
wtfS  permit  rehabSe  comerrAtton  (70 
percent  monosyBabk  word  saSei- 
bjih&ty)  for  direct  pcnon-to-pence 
(mmekctricaly  aided)  contmuRkatkxas 
at  various  SiL  wffhottt  bp  reading  is 
shown  in  Figure  (B»l  J." 


Distance,  ft 


Figure  B-f.  Effect  of  Noise,  Separation,  and  Voice 
Level  on  Person- ttvponsofi  Comminution 
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APPENDS  X  C 


DESIGN  PROCEDURES 


C-1  DETERMINATION  OP  £N VI ROf {MEN¬ 
TAL  CONTROL  REQUIREMENTS 

01.1  OUTLINE  Of  PROCEDURE 

While  it  is  outside  the  scope  of  this 
iwndbook  to  give  a  thorough  account  of  the 
csleulattan  of  environmental  control  require¬ 
ments,  '/CJre  information  on  the  subject  is 
included  in  this  Appendix.  This  paragraph 
%*r<&  an  asinine  of  the  procedure  including 
conrideraticui  of  factors  whkh  affect  the 
design  of  an  environmental  control  system; 
foIScrwicg  paragraphs  give  practical  examples 
of  design  eaktiiatkins. 

Use  following  is  an  outline  of  a  procedure 
fw  detenufcring  the  performance  require¬ 
ments  in  ebrigning  an  environ  mental  control 
system  fee  a  shelter: 

(1)  Calculate  shelter  wall  heat  transmis¬ 
sion.  This  will  require  assumptions  for  the 
following  parameters:  geographic  locations, 
shelter  orientation,  time  of  day,  wind  velocity 
and  direction,  outside  temperature,  and  de¬ 
sired  shelter  temperature, 

(2)  Calculate  best  transfer  through  walls  of 
air  ducts  which  are  external  to  the  shelter. 

(3)  Summarize  iota!  heat  loads.  The  loads 
calculated  in  Items  (!)  and  (2)  are  to  be 
added  to  the  personnel  heat  loads  and  the 
heat  loads  generated  by  equipment  within  the 
shelter.  The  xuamstkm  of  the  heat  loads 
indicates  the  quantity  of  heat  whkh  must  be 
removed  front  the  shelter. 

(4)  Etefc  the  pressure  loss  characteris¬ 
tic*  in  environmental  control  system  in 


which  fan  driven  air  a  used  as  the  transfer 
media.  An  estimate  of  the  pressure  lass  in  the 
circulating  system  will  perm:*  determination 
of  the  static  pressure  which  must  be  main¬ 
tained  at  the  entrance  to  the  tystem.  Factors 
to  be  considered  in  this  estimate  include 
ducting  loss,  shelter  distribution  loss,  shelter 
leakage,  and  heating/cooling  equipment  less. 
Determine  characteristics  of  a  fan  required  tv 
overcome  the  pressure  loss  while  maintaining 
the  required  air  flow  rate. 

C-1.2  LATENT  MEAT  LOAD  CONSIDERA¬ 
TIONS 

The  latent  heat  load  is  of  interest  only 
during  the  portion  of  the  environmental 
control  operation  when  cooling  is  required. 
The  principal  sources  of  latent  heat  load  in  * 
shelter  are:  moisture  from  personnel  respira¬ 
tion  and  perspiration,  moisture  from  materials 
within  the  shelter,  moisture  from  processes 
(e.g..  photographic  processing  and  laboratory 
baths)  within  the  shelter,  and  moisture  ad¬ 
mitted  with  outside  sir  used  for  ventilation. 

Although  an  estimate  may  be  made  of  the 
latent  heat  load  before  selecting  air  condition¬ 
ing  equipment  for  shelter  environmental  con¬ 
trol,  there  is  little  one  can  do  to  accommo¬ 
date  this  load.  The  packaged  air  conditioners 
of  the  type  used  for  portable  shelters  have  the 
capability  of  removing  a  fixed  ratio  of  mois¬ 
ture  to  heat  (latent  heat/sensible  heat)  «n  a 
given  operating  state.  The  latent  heat  factor, 
or  ratio  of  latent  heat  to  sensible  heat 
removed  by  the  equipment,  varies  from  0. 1 5 
to  0.35.  Evaporator  coil  design  affects  this 
ratio  in  a  predictable  manner;  the  longer  the 
air  is  in  contact  with  the  coding  coil  surfaces, 
the  greater  the  quantity  of  moisture  removed 
from  the  air.  Thus,  low  air  velocities  through 
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deep  eoiis  tend  to  increase  moisture  removal, 
which  is  equivalent  to  removal  of  latent  heat 

l  he  example  given  in  par.  C-4.  Apisiendix  C . 
indicates  how  to  take  the  latent  heat  krsd  into 
account  when  selecting  an  air  eoflditwmer. 

C-1.3  ENVIRONMENTAL  REQUIRE¬ 
MENTS  FOR  EQUIPMENT  AND 
ACTIVITIES 

in  addition  to  accommodating  personnel, 
the  environmental  control  system  must  ac¬ 
commodate  equipment  and  processes  con¬ 
ducted  in  the  controlled  space.  Conditions  of 
temperature  and  humidity  which  are  required 
for  typical  operations  are  listed  in  Table  C-i. 

C-1.4  PERFORMANCE  VARIATION  WITH 
ALTITUDE 

The  effects  of  altitude  on  environmental 
control  systems  for  mobile  shelters  should  be 
considered  when  designing  the  installation. 
Although  specific  information  is  seldom  pub¬ 
lished  concerning  equipment  ratings  at  high 
altitudes,  application  of  engineering  judgment 
will  enable  the  designer  to  make  an  estimate 
of  the  adequacy  of  his  design.  Ref.  1  indicates 
how  the  high  altitude  performance  of  air- 
conditioning  units  can  be  estimated  Ex¬ 
amples  of  the  effect  of  altitude  on  the 
performance  on  some  common  components 
of  environmental  control  systems  are: 


I !  i  liuntrs  Reduced  air  vlensit)  j d  high 
altitudes  has  thi  effect  of  lowering  the  heat 
transfer  rate  while  the  motor  is  m  operation, 
thus  slighting  derating  the  power  output  of 
the  motor  Motors  should  be  derated  by  a 
factor  approximately  equal  to  the  air  density 
ratio,  for  example  t!  density  of  3ir  s'  *  tK*» 
ft  is  0.83  times  tnat  at  sea  (reel  Ihcrefore.  a 
motor  with  a  reltrg  of  10  hp  at  sea  loti  for 
operation  at  $.000  ft  should  be  rated  at  about 
8.3  hp. 

i?i  ham  Contiary  to  intuition,  the  de- 
Mgr.tr  can  expect  fares  dnven  by  alternating 
current  motors  to  provide  approximately  the 
s?m:  performance  (in  cfm)  at  high  altitudes  as 
tl  sea  level. 

(3;  Air-cooled  Condensers  Where  the  air 
cooled  condenser  is  equipped  with  a  motor 
driven  fan  to  move  the  air  across  the  cods,  the 
following  would  be  the  situation  at  high 
altitudes.  An  equal  volume  of  air  will  move 
over  the  cods  at  any  altitude,  but  that  a«  the 
higher  altitude  will  he  less  dense:  therefore 
the  mass  flow  rate  is  lower  and  the  heal 
transfer  rafc  will  be  reduced  by  a  factor 
approximately  equivalent  to  the  air  density 
ratio.  The  condenser  must  be  derated  by  this 
ratio. 

(4)  Heating  Coib.  The  derating  required  as 
previously  noted  foi  air-cooled  condensers, 
may  also  be  applied  to  those  heating  devices 


TABLE  C-i 

TEMPERATURE  AMD  HUMIDITY  REQUIREMENTS  FOR  TYPICAL  FQUIWKINT 

AND  ACTIVITIES 


Erpiipwwn?  txr  A&kiT/ 

Twnpwature 

(Dry  »*»),  °F 

RsittbfV 
Humidity,  X 

£kc -te  •sgjipnwnt,  computers 

05-80 

20-65 

Photograph  te  processing  and  printing 

’0-80 

456© 

fleptk  bench,  efcctrfcal  or  tiaeimnic 

6S-8C 

20-65 

B#p*?r  b#neh,  saaiff  mtchaniams 

72  76 

4(M5 

CKamieai  laboratory 

6580 

7066 

0*2 


which  depend  upon  tonvcvtion  o,  forced  air 
flo**  for  heat  transfer.  The  rate  of  heal 
transfer  by  radiation  is  considered  to  be 
independent  of  air  density  variations. 

C-2  CALCULATION  OF  COOLING  RE 
QUIREMENTS 

The  following  example  of  the  procedure 
for  calculating  cooling  leads  was  taken  from 
Ref.  1  It  serves  to  illustrate  the  required 
steps.  A  more  detailed  description  of  design 
calculations  for  both  healing  and  cooling 
requirements  is  given  in  another  example,  in 
par.  C-4.  Appendix  c. 

A,  Design  Conditions* 

1.  Outside  Design  Ambient  Tempera¬ 
ture.  Army  Regulation  AR  70-38  establishes 
the  maximum  design  ambient  condition  of 
1 25°  FOB. 

2.  Inside  Design  Temperature.  When 
selecting  an  inside  design  temperature,  it  must 
First  be  determined  whether  the  controlling 
factor  is  personnel  or  equipment.  Once  the 
controlling  factor  is  determined,  the  inside 
design  temperature  should  be  based  on  the 
maximum  allowable.  For  photographic  pro¬ 
cesses.  it  may  be  7tf-75°F.  For  personnel,  the 
temperature  may  be  70°-80°F  and  for  elec¬ 
tronic  application's,  8OMO0°F. 

When  designing  for  extreme  outside 
ambient  conditions,  it  is  usually  desirable  to 
raise  the  uvride  design  temperature  not  only 
to  reduce  the  amount  of  cooling  required,  but 
also  to  make  it  more  comfortable  for  person¬ 
nel  moving  in  and  out  of  the  shelter  A 
1 5-degree  difference  is  recommended. 

3.  Ventilation  Air.  The  third  design 
factor  is  the  amount  of  ventilation  air  to  be 
brought  into  the  system.  Excess  ventilation 
air  needlessly  increases  cither  the  sensible 
cooling  load,  the  latent  tooling  toad  or  both 

The  recommended  ventilation  3ir  » 

*»rth  siwsar  cfc*jg«.  tbr  r«»  <£  tha  Arps**'*  <w»  tskeo 
?ss*n  Ref  J.  apf<Vff$  Ife?  rriocir’*!-*  ef  Rrf  < 


15  cfm  per  person,  when  moderately  heavy 
smoking  u  anticipated. 

By  paying  dose  attention  to  these  three 
factors  outside  design  ambient,  inside  design 
temperature,  and  *entilation  air  require¬ 
ments  tne  system  designer  can  choose  an  aur 
conditioner  that  is  adequate  but  not  over- 
sired. 

B.  Sample  Problem 

To  illustrate  the  selection  procedure  the 
following  example  is  used.  Assume  that  an 
S141  shelter  flight  frame  construction >  is  to 
house  two  people  and  electrical  equipment 
having  a  3. 1 6  kW  rating.  The  shelter  is  to  be 
located  at  40  deg  North  latitude  and  the  time 
for  the  combined  maximum  heat  gam*  from 
the  various  sources  is  assumed  to  be  2  PM. 
August  24.  Fig.  C-I  shows  the  dimensions  and 
location  of  the  shelter. 

C.  Solution 

The  following  symbols  arc  used  in  the 
calculations. 

Cp  =  specific  heat  of  air  at  con¬ 

stant  pressure  =  0  24  Btu 
0b°-F) 


0)  * 


(3) 

TOP  VIEW  SI 4 1  SHELTER 

Dla^jsatsms:  143  la.  t,  h  In*  »,  *3  1*.  - 


art »rtw  CeSo?;  Barfe  Grsec 

Kali  a  5U«f  r~F*«tors  0,35  Stw/Usr-ft-''?' 

CetXgs  Jafcltrrt:  U5  CS  $0  VS 

EMwtjgr  tsssj.t  So  CP  67.5  W 
Figure  C- 1.  Plan  View  of  Sr 4 1  Shelter 


L 

3  latent  heat  of  vaporization 

standard  conditions  (?0°F, 

of  water  *  1054  Btu/ib 

1  atm>3  0,075  ib/ft 3 

S 

3  number  of  occupants 

Subscripts 

Qe 

3  heat  input  from  electrical 

L  -  latent 

equipment,  Btu/hr 

3  heat  input  from  each  van 
occupant,  8tu/hr 

?  3  sensible 

The  cooling  load  calculations  are  as 

q‘p 

=  total  heat  input  from  van 

follows: 

occupants,  Btu/hr 

I.  Transmission  and  Solar  Sensible  Heal 

Qf 

3  heat  input  through  floor, 

Gains  qfw  through  *a!k  and  through 

roof 

% 

Btu/hr 

3  heat  input  through  roof. 

-  Area  (ft*)  x  V-factor  x  Equiva¬ 
lent  bt 

% 

Btu/hr 

3  ventilation  air  heat  gain. 

a.  Wall  (!)  facing  Sorth  (Refer  to  Fig. 

on 

qw 

Btu/hr 

3  heat  input  through  wall. 

a  =  82  (0.35)  1 2  =  340  Btu/hr 

-ft*. 

Btu/hr 

(Note:  Ste  Table  C-2.  or  similar 

e 

3  ventilation  air  flow  rate. 

tables  in  Ref.  4.  for  equivalent  tem¬ 
per  Jture  difference.) 

l/DS) 

cfm 

3  dry  bulb  temperature  of 

b.  Well  ( 2)  facing  East 

outside  air  entering  air  con¬ 

V  *  46.5  (0.35)  14  3  230  Btu/hr 

tJDB) 

ditioner.  9F 

3  dry  bulb  temperature  of  air 

c.  Wall  (  O  facing  South 

inside  conditioned  space,  *F 

4^  =  82  (0.35)  4!  3  1180  Btu/hr 

bt 

3  tJDB)  -  t/PS).  °F 

d.  Wall  (4)  facing  West 

Equivalent  bt 

3  bt  corrected  to  take  solar 

3  46.5  (0.35)  22  3  360  Btu/hr 

radiation  into  account,  °F 

?.  Roof 

w 

£ 

3  pounds  of  water  va*.or  per 

qr  3  80(0.35)  64  =  1790  Btu/hr 

pound  of  dry  air  in  ouisidc 
air 

(Note  See  Table  3-38  of  Ref.  3.  ©r 

Wt 

3  pounds  of  water  vapor  per 

similar  tables  in  Ref.  4.  for  equiva¬ 
lent  temperature  difference.) 

pound  of  dry  air  inside  con¬ 
ditioned  space 

Z  tq^  3  340  +  230  ♦  1 180  *  360 

’>0 

3  specific  weight  ot  air  at 

♦  1 790  3  3900  Stu/hr 

fwwjgr  >wp»i 


2  Tmmmmkm  Heat  Gem  through  Floor 

V- 

3  Area  (ft*)  x  V-factor  x  1st 

«  80  (0.35)  {125-  §0) *  5260 
Btu/hr 

(£f  is  assuming  free  air  passage  beneath 
shelter) 

3.  Heat  Gain  of  VentUsthn  Air-Sensibk 
and  latent  • 

3.  Ventilation  rats: 

Q  -  No.  of  persons  x  vmtiktttoet  rate 
(cfm)  per  person 

<2  =  2x  15 

Q  -  30  din 

b.  Sensible  heat  gain. 


that  the  tenable  beat  loss  from  the  akin 
h  approximately  200  Stu/hr/pcrson. 

ir  *#*<!# 

*  2  x  200  3  400  Btu/hr 

b.  Latent  Hast. 

Thr  latent  beat  lo»  by  a  seated  mate 
doing  very  ijgjir  work  is  200  Btu/hr/ 
person. 

$L?  =  N  x  (iff 

*  2  x  200  =  400  Btu/hr 

5.  Equipmer '  Heat  (loins  (including  lights} 

% 

tfr  =  Wattage  rating  x  3  4  (Btu/hr)! 
watt 

■  3160  x  3.4  «  30.  MG  8tu/hr 


%  *  C»  To  i60  ®  ftJDB) 

-  t/DE}] 

*  0.24  x  0.075  x  60  x  30  (125 

-SO)  *  1460  Btu/hr 
c.  Latent  heat  gain: 

<1L,  =  Lyj60Q)(wt-wf 

*1054  s  0075  x  60  x  30 
(0.0118  -G.0U5)  m&x  values 
of  w  determined  from  Fig.  A-! 

*  4©  Btu/hr 

Note:  No  outside  ms  infiltration  gain 
h  assumed. 

4.  Heat  Goins  from  Occupants- Sensible 
and  latent  qjj>: 

a.  SensbkHmt 

FoSowfljg  Ref.  JO.  we  will  assume 


6.  Summary  of  Beet  Gains  Zq,  : 


Sensible, 

Latent, 

Btu/hr 

Btu/hr 

a.  TiaiumMon  and 

solar  (wtfis  sad  roefl 

3900 

b.  Traraoussfcxs  (floor) 

1260 

c.  Vent»atkm 

1460 

40 

±  Ocaipmts 

400 

400 

t.  Bqwproeat 

10r740 

Total 

17,760 

440 

The  fcBowing  paragraph,  par.  C-3.  gives  an 
outline  of  the  procedure  foe  select  mg  an  air 
cond*tk>ner  to  meet  the  above  requirements. 
Another  example  of  the  catenation  of  heating 
and  coo&ng  loads  is  given  in  par.  C-4,  Appen¬ 
dix  C 


C-3  EXMffL £  OF  AIR  CONOtTKJHER 
8SLECTI08I 

In  this  paragraph,  we  take  the  data  ao 
coding  load  computation  given  in  the  par. 
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‘ -  and  show  how  to  select  an  air  condi 

tioner. 

V/e  have: 

( 1 )  Ambient  air  temperatures: 

tjDH)  =  125°F 
tJV-'H!  H0°l- 

i  '’)  Conditioned  air  space  temperature: 

tt(Dll)=  80°  F 
tfWB)  -  67. 5° F 

(3)  Outside  ventilation  air  flow  rate: 

Q  =  30  cfm 

(4)  Rate  of  sensible  heat  gain: 

q}  ^  17,760  Btu/iir 
( S'*  Rate  of  latent  heat  gain: 

c it  -  440  Btu/hi 

From  the  given  data  we  find  that 
the  total  cooling  load  is 
q  -  qs  +  q  r  --  18,200  Btu/hr 

(6)  Sensible  heat  ratio: 

SIIR  ~ qjq-  0.98. 


To  proceed  with  the  example,  we  will  use 
equipment  capacity  and  performance  tables 
(0-3  through  C-7)  taken  from  Ref.  10.  Since 
the  sensible  heat  ratio  is  nearly  1.0,  we  can 
use  Table  C-3  to  make  a  tentative  choice  of 
air  conditioner,  ble  C-4  can  be  used  when 
the  sensible  heat  ratio  is  substantially  lower 
than  1.0,  but  Table  C-3  always  yields  a 
conservative  choice.  From  Table  C-3,  we  see 
that  the  400-Hz  unit  with  a  nominal  capacity 
of  ?  8,000  Btu/hr  provides  a  cooling  capacity 
of  18,300  Btu/hr  when  the  temperature  of 
the  air  entering  the  condenser  is  125°F  DB 
and  the  temperature  of  the  conditioned  air 
returning  to  the  unit  is  80°F  DB,  with  SHR  = 
1.0.  For  accurate  selection,  however,  it  is 
necessary  to  compute  the  actual  temperature 
of  the  conditioned  air  entering  the  unit.  From 
Table  C-7,  we  find  that  the  free  air  delivery 
rate  is  710  cfm.  Since  the  rate  of  outside 
ventilation  is  30  cfm,  this  leaves  680  cfm  as 
the  rate  at  which  conditioned  air  enters  the 
unit.  Computing  the  calorimetric  average  tem¬ 
perature,  (30  x  125  +  680  x  80)  710,  we  find 
that  the  dry-bulb  temperature  of  the  mixture 
will  be  82° F.  Returning  to  Table  C-3  and 
interpolating  for  an  entering  cooled  air  tem¬ 
perature  of  82°F  DB,  we  find  the  actual 
capacity  to  be  18,820  Btu/hr,  which  is  more 
than  adequate  for  the  application. 

If  supply  or  return  air  ducts  are  rsed,  the 


TABLE  C 3 


COMPACT-UNIT  COOLING  CAPACITIES  (BTU/HR)  AT  1.0 
SENSIBLE  HEAT  RATIO  AND  FREE  DELIVERY 


NOMINAL  COOLING 
CAPACITY,  Btu/hr 

_ J«oo _ 

_ UH _ 

_ itfCf 

_ 

UfU  - 

<UNTIIH«MruM 
«»V4 *<».«  tMowuil,' r 

ff 

no 

■H 

_** 

no 

m 

CO 

no 

■a 
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110 

n 

Oi 

no 

■a 

COOLING  Ain 
DM V  BULB 
TEMPERATURE 
ENTERING 

UN1T/F 

70 

4600 
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5500 

/•oo 

“TWoT 
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7400 

10/00 

■EE3 
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B3 
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77000 
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90 

9000 
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it 
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WMrk 1 

■Ea 

■CTTTM 

IlKvl 

Ba 

■Z23 

BHEU 

ES3 

K3EJ 

EZ2X 

«nr^i 

NOMINAL  COOLING 
CAPACITY.  Btu/hr 

. 

«n  hi  evcL>  rowtn  ium.v 
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_ 

ft«H 
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'ItM 
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rm 
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no 
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Bf 
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HI 
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TEMPERATURE 
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KU 

■a 

■U21 
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HEX 

■nTT-i 
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75 
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■S3I 
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Esa 
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WLJ 
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K 221 
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KIKvl 

1E3 
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Kg3 
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TABLE  C-4 

COMPACT-UNIT  COOLING  CAPACITIES  AND  SMR  AT  NOMINAL 
MILITARY  CONDITIONED  AIR  DESIGN  CONDITIONS 
(50%  Ralttrvc  Humidity)  Free  Ddhmy 
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IWO 

m  hi  i*o wen  sur^taV  J 
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H 
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73 
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73 

•200 

77 
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71 
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75 
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74 
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n 
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77 
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u 
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69 
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TABLE  C-5 

COOLING  CORRECTION  FACTORS 


Im.jOIV  u.  labia  C  3  Cooling  Capacltiat  lor  CFM  o.har  than  Stsntlafd 

dt  1  (a  *:»ru<bi«  H»tll  Hotio.) 


t  p£  #f.l  ii»  tiss  C*M 

I  O'  jv-pAa-M;  10  L’ATfO 

i  CJANtll  1 

Bt»f*d 

10 

70 

•  30 

40 

IcLAjllf*'.  'AWCliy 
|#/’A  MW)** 

- - 

1  OO 

.97 

93 

•7 

*0 

(Gotjrtftiy  of  Tran*  Company) 


TABLE  OB 

COOLING  AND  SHR  CORRECTION  FACTORS 


<  Apply  to  Tapi*  C  4  Cooling  Capeotiai  for  CFM  o thpr  than  Standard  i 


Pkf 

COMPABf 0  TO  RATIO 
OUANTlTY 

Rated 

10 

20 

30 

40 

1  00 

w 

V7 

9« 

VI 

1.00 

97 

93 

.9 

IS 

fCojrtety  of  Trent  Company) 


TABLE  C-7 


CONDITIONED  AIR  FAN  PERFORMANCE-CFM 


eONIHAL  /*OU11 

coovim*  _/  pnita. 

ran 

nmRNAl 

STATIC 

F«5JUtt» 

(INCH**  O#  WAT**) 

.IS 

•*> 

.Tf 

1.0 

v.s 

600/60 

240 

220 

190 

150 

105 

X  REDUCTION 

— 

8 

20 

38 

56 

6000/400 

260 

235 

210 

175 

135 

X  REDUCTION 

— 

10 

19 

33 

4* 

9000/60 

315 

300 

2/3 

jso^ 

m 

%  BEOUCTION 

— 

5 

13 

21 

30 

10000/60 

X  REDUCTION 

330 

315 

295 

270 

740 

— 

5 

11 

18 

77 

11000/400 

X  REDUCTION 

655 

625 

5*0 

530 

470 

333 

— 

3 

1 1 

19 

28 

49 

9000/400 

X  REDUCTION 

710 

660 

645 

ocr 

545 

420 

— 

4 

9 

16 

23 

41 

36000/00 

1290 

1215 

1*35 

1040 

9*0 

765 

X  REDUCTION 

— 

6 

12 

18 

74 

41 

36000/400 

X  REDUCTION 

1375 

1305 

3 

1230 

tl 

1140 

16 

1090 

21 

900 

35 

00000/60 

20)0 

1930 

1150 

1775 

1685 

1500 

XR  EDUCTION 

— 

4 

4 

12 

16 

25 

60000/400 

2)00 

2040 

1940 

1*60 

r/?  5 

1390 

X  REOUCTION 

— 

3 

8 

- -44 

24 

•WEI  COOIINO  CO.l  MSISTANCE  IfCtUOED  IN  UNIT 


(Courtety  of  Trent  Company) 


NOTE  -  The  above  tables  were  taken  from  R?sf.  to.  Model 
number*  end  other  data  for  compact  unit*  ere 
Olven  in  Tahle  3-1. 
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external  static  pressure  must  be  estimated  and 
c< -fractions  applied  to  the  air  flow  rate  and 
u cling  capacity.  !n  the  given  example,  for 
instance,  if  the  pressure  drop  through  the 
external  air  distribution  system  is  0.5  in.  of 
water,  fable  C-7  shows  that  the  rate  of  air 
delivery  is  reduced  by  9%.  Then,  Table  C*5 
•  •i’  .vvs  that  this  has  the  effect  of  reducing  the 
cooling  capacity  by  nearly  3%.  The  corrected 
cooling  capacity  would  be  about  18,250 
Btu/iir  (18,820  x  0.97),  which  is  still  ade¬ 
quate. 

If  the  sensible  heat  ratio  is  substantially  less 
than  1.0,  Table  C-4  should  be  used  to  select 
an  environmental  control  unit  of  adequate 
capacity.  In  this  case,  cooling  capacity  and 
sensible  heat  ratio  correction  factors  for  lower 
than  rated  air  flow  rates  are  obtained  from 
Table  C-6. 

Finally,  it  is  well  to  caution  against  over¬ 
design  of  a  system  by  selection  of  air  condi¬ 
tioners  which  are  l  -ij  cr  than  necessary.  Over¬ 
capacity  may  resuu  in  poor  temperature 
control  and  inadequate  dehumidification  as  a 
consequence  of  on-time  being  short  compared 
to  off-time.  Furthermore,  the  larger  units  are 
more  expensive,  weigh  more,  and  require 
more  space  and  electrical  power.  This  point  is 
illustrated  by  the  following  example2 : 

Nominal  Unit  Size,  Btu/hr 

40,000  60,000  %  IncrMM 


lb 

445 

600 

30 

Power  Required,  kW 

9.8 

15.5 

63 

Size,  ft3 

17.4 

26 

49.5 

Cost,  Based  on 
$0.10/(Btu/hr) 

$4000 

$6000 

50 

C-4  CALCULATION  OF  HEATING  AND 
COOLING  REQUIREMENTS  FOR 
M292  VAN* 

The  heating  and  cooling  requirements  for 
the  M292  Van  can  be  determined  by  con¬ 
sideration  of  the  various  heat  sources  and 
sinks,  and  the  modes  of  heat  transfer  between 


*Thi»  appendix  U  »n  edited  version  of  Section  VI  of  Ref.  7. 


them.  The  first  step  is  to  define  the  internal 
and  external  design  conditions  accurately. 

C-4.1  INTERIOR  DESIGN  AIR  CONDI¬ 
TION 

Different  combinations  of  temperature, 
humidity,  and  air  movement  will  produce  the 
same  relative  feeling  of  warmth  or  cold  in 
humans.  Studies  using  prolonged  exposures  of 
test  subjects  to  various  psychrometric  condi¬ 
tions  showed  median  responses  as  indicated  in 
Fig.  C-2.  This  chart  also  shows  the  line  of 
maximum  tolerable  conditions,  as  determined 
by  Yaglou5.  This  chart  enables  one  to  pick  an 
air  condition,  or  condition  line,  which  will 
yield  a  certain  quality  environment.  The 
“comfortable”  line  on  the  ASHRAE  Comfort 
Chart  (Fig.  C-2)  is  desirable  for  the  M292  Van 
interior  in  all  its  uses.  Since  electronic  equip¬ 
ment  nay  abound  in  the  enclosure,  the 
humidiiy  should  not  exceed  40%.  This  design 
point  is  indicated  in  Fig.  C-2:  77° F  dry  bulb, 
61°F  wet  bulb,  40%  RH,  enthalpy  27.4  Btu 
per  lb  of  dry  air. 

C-4.2  EXTERIOR  DESIGN  AIR  CONDI¬ 
TION 

The  exterior  air  condition  which  should  be 
used  as  a  design  standard  will  also  be  a 
function  of  humidity  as  well  as  temperature. 
Not  every  combination  of  temperature  and 
humidity  is  met  throughout  the  world.  Mac¬ 
Donald6  has  studied  the  probabilities  of 
occurrence  of  various  conditions  throughout 
the  world.  His  data  are  plotted  in  Fig.  C-3.  We 
have  chosen  to  design  to  the  99.9%  probabil¬ 
ity  line.  Just  which  point  on  thij  line  will  pose 
the  maximum  load  on  the  air  conditioner  is 
not  immediately  apparent;  this  will  depend  on 
the  relative  importance  of  radiant  and  con¬ 
ductive  heat  transfer  and  the  interchange  of 
latent  heat  in  the  system.  The  only  reliable 
way  to  determine  the  maximum  load  is  to 
take  a  range  of  conditions  and  compute  the 
maximum  load.  Table  C-8  lists  some  choices 
along  the  99.9%  probability  curve. 

C-4.3  HEAT  LOAD  CALCULATION 

Fig.  C-4  gives  a  schematic  representation  of 
the  various  heat  sources  and  sinks  involved  in 


C-9 


AMC?  706-120 


Figure  C-2.  Revised  ASHRAE  Comfort  Chert.  Copyrighted  by  ASH RAE. 
Reprinted  by  permission  from  ASHRAE  Guide  and  Data  Book  1967. 

(The  comfort  distribution  curves  show  that  the  maximum  percentage  of  people  should  be 
comfortable  at  71  ET  In  summer  and  at  68  ET  In  winter.  These  distribution  curvet  ere 
bated  on  the  response  of  persons  Immediately  after  entering  a  conditioned  space.  The 
solid  lines  (Not.  3,  4,  6,  and  61  show  the  response  of  subjects  after  approximately  three 
hour  occupancy.  It  appears  from  this  chart  that  parsons  will  fee!  quite  warm  when 
exposed  to  an  environment  at  86  ET,  the  maximum  allowable  In  military  applications.) 
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*&»*  from  FJ*.  A-1. 

*R«ad  from  Ft§,  C-3. 

the  analysis.  In  this  Spue, 

<tE  *  heat  input  from  electrical  equip¬ 
ment,  Btu/hr 


♦  220  Btdfhs  sepjibte  heat)  (Ref. 
4) 

*  total  beat  input  through  roof,  Btuf 
hr 

%,  *  total  heat  input  through  walls, 
Btu/hr 

«?*  *  heat  removed  by  air  conditioner, 
Btu/hr 

^  *  enthalpy  of  air  at  ctesgn  point  in 

van  interior,  I3au/lb 

-  enthalpy  of  air  outside  van,  Btuflb 

Qa  ~  air  flow  through  air  lock.  Ib/hr 

*  air  leakage,  Ib/hr 

^  s  *  Ql  *  makeup  air  flow.  Ib/hr 


^  *  heat  input  from  each  van  occupant 


t,  *  interior  temperature,  °F 


(®  530  Btu/hr  latent  heat. 


r,  -  exterior  ail  temperature,  °F 


* 


#r 


3  ,  * 

a  * 


*G 


n§un&4>  H&k  Sovfcts,  Sinks,  mxi  Surf  act  Httt  Transfer 
m  At 292  Vm 
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A'  «  number  of  occupants  differential  is  no!  always  Shit  i  5®F  on  which 

the  i*bk-J  iu  the  ASIIRAE  Guide  are  based. 
3  conditioned  air  flow  into  van,  Ib/hr  (The  procedure  for  making  these  corrections 

is  described  in  the  Guide.) 


i.  Heat  (Mm  and  Losses  at  Kan  Surfaces . 
Summer  Condition 

The  ASH  RAF  method  for  computing 
heat  gains  (or  losses)  through  wails  and  roofs 
involves  the  use  of  an  “ Equivalent  Tempera¬ 
ture  Differential”  which  sum*  all  the  effects 
of  radiation  and  conduction  (see  Ref.  4.). 

Then 

Zl^A,  =  ISst^Af  (0*1) 

where 

Af  =  area  of  the  ith  element  of  the  van 
surface,  ft* 

htj  =  total  heat  transmission  through 
the  ith  element  resulting  from 
both  radiation  and  conduction, 
Btu/fhr-ft*) 

Ar(  =  “equivalent  temperature  differ* 
eutial”  for  the  Ith  dement,  *F 

(Jt  *  heat  transfer  coefficient  for  the 
ith  element,  Btu/(hr*ft*-°F) 

Taking  the  roof  fast,  we  assume  the  follow¬ 
ing: 

a.  The  roof  is  equivalent  to  the  “lighx 
construction “  Ike  of  the  ASHRAE  table  of 
equivalent  temperature  differentials. 

b.  We  use  the  worst  case  for  the  roof  as 
tktenrnning:  2  PM  on  a  summer  day. 


With  these  conditions  in  mind,  the  Equiva¬ 
lent  Temperature  Differences  can  be  read 
from  the  ASHRAE  tables,  and  appropriate 
correlations  applied.  Corrections  will  be  dif¬ 
ferent  for  each  of  the  chosen  exterior  design 
conditions.  Furthermore,  the  Equivalent  Tem¬ 
perature  Differences  will  depend  on  the  rela¬ 
tive  position  of  the  sun  and  the  van  surfaces. 
We  have  assumed  that  the  sun  will  be  high  in 
the  sky  to  g^ve  maximum  roof  transfer,  we 
orient  the  van  with  its  side  wall  facing  south. 
The  remaining  walls  will  be  shaded.  Table  G-9 
lists  the  Equivalent  Temperature  Differences 
for  the  chosen  operating  points  for  ail  four 
walls  and  the  roof. 

The  next  step  is  to  determine  the  nature 
and  area  of  the  exposed  surfaces.  The  con¬ 
figuration  of  the  expanded  van  is  shown  in 
Fig.  C-5.  Fourteen  separate  surfaces  make  up 
its  exterior.*  However,  we  ccn  group  some  of 
these  and  reduce  calculation.  These  areas, 
together  with  the  proper  Equivalent  Tempera¬ 
ture  Differences,  are  listed  in  Table  C-10.  The 
other  entries  in  this  table  arc  explained  in  the 
paragraphs  which  follow. 

The  van  walls  are  made  of  a  three-layer 
composite,  consisting  of  a  metal  exterior  skin 
s,  glass  fiber  insulation  i,  and  tempered 
fiberboard  interior  panels  p.  The  overall  heat 
transfer  coefficient  V  for  the  composite  wall 
is: 


U 


ZS 


1 


K  <i  *p 


(C-21 


c.  We  correct  the  differential  upward  to 
a  continuous  95® F  day,  rather  than  an  average 
summer  day  varying  from  75°  to  95*F  as 
stated  in  the  tabic;  the  correction  is  ID  deg 
for  this.  In  addition,  we  add  or  subtract  a 
temperature  difference  which  corrects  for  the 
fact  that  our  interior-exterior  temperature 


*TS»  flow  new  «v  iptorrd  u  ttl.  ?.  hSie&ij.  a  «>  fcjt 
tfc*t  tte  nit  ef  Swat  trtusln  'Jtroafh  C*  floor  *ouSa  bt 
wfSjjSW*  bj  cowpjsfeoa  vHJs  «X*t  tftrottj*  otto  nrftccv 
Tr*  a  w«*8fc»*  msemf&t fet  ecsj^e,  Sry  tj  to 
het*e&>  tfcs  Sooc  usd  pwmi  t mb,  y»o4octef  * 
**S  *ir  «wr«  gsAtfscaft  via.  OrtSuatEr.  ret*  oJ 
tot  Usmm  few*#  flit  goo*  Su  compnUi  «  ;i  i»  foe  tiw 
eifls  mi  wef,  aofpt  am  It  b  to  pt&mrr  to  rerr«t  a* 
rtsas*  OGaux*  *«o#  tfc*  (hot  to  tsl et  se5» 
rafttie*  bto  necoaet 
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TABLE  C*10 

TOTAL  HEAT  LOAD  CALCULATIONS.  SIWNMJER  eOWSMTJO**:  M292  VAN 


h#  «  «»tMpv  of  Nf  outtki*  van,  Btu/tb 
h,  *  «nth«(py  of  *<r  flowing  outwwd,  8tu/lb 
<$,  -  foul  h«at  to«  by  air  flowing  outwwd,  Btu/hr 
T  (  »  spuciffe  woight  of  «if  ((owing  outward,  tb/ft3 

A  atandcrd  Ion  of  rtfrigwatton  narrwpo'nda  ;o  a  tomt  abaorptlon  at  a  rat*  of  t?,000  Rtti/h> 


Where  layer  thicknesses  are 


^  «  60  BtuTir 


(C-3) 


Sf-  1/16  in. 

8,  *  1  in. 

9p«  1/8  in. 

And  layer  heat  transfer  coefficients  k  are: 

k  -  i.O  Biu/(fta-hr-*F/in) 
k(  -  0.27  Btu/<ft*-hr-°F/m.) 
k  -  0.8  Btu/<ft2-hr-°F/«a) 

t> 

Substituting, 


6  =  1/16  i  1/8  =  3,9 

~ —  + - +— — 

1  0.27  0.8 

*  0.26  8tu/{hr-ft3-®F)® 

2.  Other  Heat  Losses  and  Calm 

a.  PmmneL  We  mump  that  van  per* 

ssn&el  we  emoted  in  Beach  Work”. 

Ref.  8  fhrea  750  Btu/hr  total  heat  output  per 
man  in  this  s&atios®*. 

b.  Entering  and  Lessing  At  Enthalpy. 
We  returns  that  IS  efra  of  wtottsp  «r  be 
required  per  earn.  The  heat  tappied  by  the 
sir  will  depend  on  tbs  conation  being  »*»■ 
fyrsd;  these  vaioes  can  he  read  from  Tahk 
08.  Air  deroatk*  coaeapaadwg  to  time 
conditions  are  bried  at  the  top  of  each 
condition  cofetam  of  Tahfe  C-IO;  time  «sm 
obtafeed  from  Che  ftyctaosjetric  Density 
Omi,  Ft*.  06.  With  these  data  hs  UenA,  the 
heat  contribution  q*  Grog)  the  entering  air  cm 
he  calculated  for  each  cskuBSsob,  mg  the 
expnsioe 


where 

ye  «  the  specific  weight  of  She  outride  air, 
lb/fts 

q9  -  total  heat  introduced  by  this  air, 
Btu/hr 

As  =  enthalpy  of  air  outside  van,  Bwi/lb 

The  heal  removed  by  air  leakage  and  air  lode 
flow  will  be 

qt*6 0  Qeye  .Btu/hr  (04) 

where 

q  =  total  heat  lost  by  air  flow  outward, 
Stu/h? 

^  *  iftthalpy  of  air  flowing  outward, 
Bto/ib 

c.  Electrical  Heat  input.  This  is  as¬ 
sumed  to  be  2700  W,  of  9200  Btu/hr. 

4.  Total  Coding  Load*.  The  tola!  cool¬ 
ing  lead  a  the  *$fcbrMC  sum  of  the  pctrkxisly 
feted  itesBK,  t»€«f 

Air  conditioner  )a*d  *  (heat  jew) 

through  sur- 
facet) 

♦  (S«*t  (tOfTi  oc- 
cwpaefs) 

♦  /beat  from  e&c- 
tfical  equip- 
mem) 

♦  (beat  Grom  en¬ 
tering  air) 

-  (heat  is  leaving 
sir) 


*Nau  ant  Om  «mkh£  <£&!£«&*  tea*  c*S 

eat*  «30  wefcee  «wr*  ftyrmi-*  is  Seat  ariwfcriao  If 

tates  fate  WB«m(  *5  *»*»  is  A,  ike 

•*Sm  iMS**fc*  «f  «*  par  C4L3,  Afgaafe  C,  wt  1 
tetm»cMrib$£«ML. 
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trpu  «f  nunra  SmS  te  wpnafrS,  a*  Am  3b  yts.  C-J, 
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nit-ic  five  terms  and  their  sums  are  listed  in 
1'  :'  -!e  C- 1 0.  The  maximum  load  appears  at  the 
condition  of  saturation,  F,  and  corresponds  to 
(>.<><)  tons  of  refrigeration  Tlie  bulk  of  this 
load  is  in  the  incoming  air;  unless  the  ventila- 
tic oi  rate  can  be  reduced  drastically,  this 
cooling  load  cannot  be  reduced.  This  quantity 
of  air  is  almost  certain  to  be  required  for 
several  reasons.  Smoking  is  one  of  these; 
dissipation  of  odors  and  flammable  vapors  in 
medical  air  stations,  and  rest  and  relief  uses  is 
■mother;  metabolic  (oxygen-carbon  dioxide) 
requirement  is  another;  the  need  for  reason¬ 
able  air  conditioner  discharge  temperatures  is 
still  another.  (Ventilation  requirements  are 
discussed  further  in  par.  1-4  of  this  hand¬ 
book.) 


3.  Heat  Gains  and  Losses:  Winter  Condi¬ 
tion 

The  minimum  design  temperature  for 
the  van  interior  is  60°F.  Again  assuming  40% 
relative  humidity,  we  have  a  design  Interior 
enthalpy  of  19.2  Btu/lb  of  dry  air.  The 
exterior  condition  is  -65°F;  humidity  is  of  no 
significance  here.  The  heating  load  is  com¬ 
puted  in  a  manner  similar  to  that  for  the 
cooling  load  described  in  sub  pars.  1  and  2  of 
par.  C-4.3, 

(Heating  Load)  -  (heat  loss  through 
surfaces) 

-  (heat  from  occu¬ 
pants) 

-  (heat  from  electrical 
equipment) 

+  (heat  gain  of  entering 
air) 


The  first  of  these  terms  is  much  simpler  than 
in  the  summer  case;  the  worst  condition  is  at 
night,  when  no  solar  heat  is  available  and 
losses  are  purely  conductive: 

qc  -  uArbt,  Btu/hr  (C-5) 


qe  -  total  conductive  loss,  Btu/hr 

V  -  heat  transfer  coefficient  for  the 
walls,  0.26  Btu/(hr-ft*-°F) 

Ar  -  total  area  of  the  expanded  van  « 
1040  ft* 

At  -  wall  temperature  differential 

*  (60  -(-65))  *  125°F. 

Substituting  these  values,  we  have  qc  ® 
33,800  Btu/hr, 

For  the  heat  supplied  by  occupants,  we 
cannot  assume  that  the  van  will  be  fully 
loaded;  (he  worst  case  is  a  single  occupant, 
supplying  750  Btu/hr.  The  wont  case  for 
electrical  power  is  perhaps  200  W  or,  683 
Btu/hr.  The  heat  to  be  supplied  to  entering  air 
must  be  based  on  a  reasonable  flow  rate. 
Since  there  is  no  provision  for  lowering  the 
flow  to  accommodate  a  single  occupant,  this 
flow  would  be  375  cfm,  raised  from  -65°  to 
60°F  at  40%  relative  humidity.  Taking  the 
enthalpy  difference,  [  1 9.2  —  (—1 5.6) J  or  34.8 
Btu/lb,  and  a  density  of  0. 1  lb/ft* ,  we  have 
heat  gain  q*  of  entering  air 

q  =  375  x  60  x  0. 1  x  34.8  Btu/hr 

»  78,200  Btu/hr 

Summing  terms,  we  get  for  the  heat  to  be 
supplied 

33,800  -  750  -  683  +  78,200  -  110,567 

Btu/hr 


C-6  ALIGNMENT  CHART  FOR  CALCU¬ 
LATING  COOLING  LOADS 

Fig.  C-7  enables  one  to  make  a  quick 
estimate  of  the  cooling  load  of  a  mobile 
structure.  Larger,  more  useble  copies  of  the 
chart  and  a  booklet  explaining  the  methods 
used  in  developing  the  nomograph  are  avail¬ 
able  from  the  Ellis  and  Watts  Company, 
Cincinnati,  Ohio. 


where 
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APPENDIX  D 

AIR  CONDITIONER  TOPICS 


0*1  TECHNICAL  CHARACTERISTICS 
FOR  AIR  CONDITIONING,  VAN  TYPE 
(Copied  from  Ref.  1,  pp.  69*70,  with 
minor  changes  in  Item  1 

“I.  The  air  conditioners  shall  He  designed 
to  provide  the  environment  within  the  van, 
hut,  shelter,  or  enclosure  that  is  necessary  to 
insure  proper  operation  of  the  installed  elec¬ 
tronic  or  other  sensitive  equipment,  and  shall 

a.  Range  in  capacity  from  6,000  to 
1 80,000  Btu/hr. 

b.  Maintain  temperature,  humidity,  and 
fresh  aii  circulation  necessary  for  proper 
functioning  of  the  primary  equipment  in¬ 
stalled  in  the  enclosure. 

c.  Be  equipped  with  dust  filtering  de¬ 
vices. 

d.  When  required,  be  compatible  with 
chemical,  biological,  and  radiological  (CBR) 
filtering  devices. 

e.  Be  capable  of  being  mounted  on  or  in 
the  associated  van  by  organizational  mainte¬ 
nance  personnel  without  requiring  extensive 
modifications  of  the  van  or  interfering  with 
the  efficient  operation  of  the  primary  equip¬ 
ment, 

f.  Be  sufficiently  rugged  to  withstand 
prolonged  cross-couniry  hauling  in  a  mounted 
position  and  be  capable  of  operation  con¬ 
tinuously  for  6  months  without  a  major 
overhaul. 

g.  Operate  at  a  noise  level  such  that  it 
will  not  interfere  with  the  efficient  operation 
of  the  equipment  in  the  van  or  shelter. 


Appropriate  components  will  be  treated  for 
the  elimination  of  interference  with  radio 
communications  in  accordance  with  appli¬ 
cable  Signal  Corps  specification!.. 

h.  Be  air  transportable  as  a  part  of  the 
item  of  equipment  in  which  it  is  to  be  used, 
and  in  the  same  phase  of  airborne  operations, 

i.  Be  capable  of  operation,  as  specified, 
at  one  or  more  of  the  following  voltages  and 
frequencies:  120,  208,  416  VAC  and  60  or 
400  cycle. 

j.  Be  capable,  where  required,  of  being 
driven  by  either  a  gasoline  engine  or  an 
electric  motor. 

k.  Have  mechanic?!  and  electrical  parts 
adequately  protected  to  prevent  injury  to 
personnel. 

l.  Be  as  light  in  weight  and  small  in  bulk 
as  is  compatible  with  other  requirements. 

m.  Be  constructed  of  readily  available 
noncritical  materials  as  far  as  practicable. 

n.  Be  capable  of  being  manufactured  in 
quantity  by  modem  fabrication  methods. 

o.  Be  designed  with  maximum  simplic¬ 
ity  commensurate  with  their  intended  per¬ 
formance.  Ease  of  operation  and  maintenance 
to  be  considered  in  each  feature  of  design. 

p.  Where  applicable,  the  design  of  the 
unit  shall  be  such  that  its  operation  will  not 
interfere  with  local  radar  scanning  devices, 

q.  Be  treated  to  resist  fungus  and  mois¬ 
ture,  as  specified. 
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r.  Where  required,  be  capable  of  interior 
i  !'l  exterior  mounting  and  be  designed  for  a 
maximum  number  of applications. 

x.  Have  the  inherent  capability  of  ac- 
•  ptable  performance  under  Basic  Operation 
'  onditions  and  Fxtreine  Hot  Weather  Opera  1- 
ir.pt  (  Auditions  as  established  in  paragraphs  7a 
am!  7c  of  AR  705-15,  Change  lI(t),  except 
ihat  operation  will  not  be  required  at  ambient 
temperatures  of  +60°F  and  lower,  and  shall 
be  capable  of  safe  storage  and  transportation 
under  the  condition.,  as  established  in  par.  7d 
of  AR  705-15,  Change  lIO) .  Where  electric 
heaters  ere  specified  and  are  in  integral 
component,  be  capable  of  providing  the  rated 
heating  output  of  the  unit  at  a  minimum 
temperature  of  -50°F*. 

t.  Wltere  necessary,  be  treated  for  the 
elimination  of  interference  with  radio  com¬ 
munications  in  accordance  with  applicable 
Signal  Corps  specifications.” 

0-2  REFRIGERANT  CIRCUIT  WITH  HOT- 
GAS  BYPASS 

The  refrigerant  circuit  described,  quoted 
from  Chapter  5  of  Ref.  3,  is  typical  of  circuits 
using  a  hot  gas  bypass  for  temperature  con¬ 
trol.  Refer  to  Fig.  D-l. 

“Cool,  low  pressure  refrigerant  gas  enters 
the  refrigerant  compressor  through  the  suc¬ 
tion  service  valve.  The  cpmpressor  increases 
the  pressure  of  the  refrigerant  gas  which  is 
discharged  into  the  condenser  coil  through 
the  discharge  service  valve.  The  temperature 
of  the  refrigerant  gas  is  increased  by  the  heat 
of  compression. 

“As  the  warm  refrigerant  gas  flows  through 
the  condenser  coil,  it  is  rapidly  cooled  by  air 
drawn  through  the  coil  by  the  condenser  fans. 
As  the  refrigerant  gas  is  cooled,  it  condenses 
and  is  stored  in  the  refrigerant  receiver. 


*Tb«  minimum  temperature  wu given  u  -65* F  in  Ref.  1. 
f  AR  703-13  tuu  been  evpereeded  by  AR  70-38.  Rrtamch, 
Dtrtlopmanl,  Tat,  and  knaluatUm  of  MaltrU!  for  Extrtmr 
CUmtlc  Condition!,  5  May  I960. 


“Liquid  refrigerant  flows  from  trie  receiver 
through  the  drier  and  sightglass  to  the  evap¬ 
orator  solenoid  valve.  The  drier  removes 
foreign  particles,  sludge,  and  moisture  from 
the  refrigerant.  The  sightglass  pros  ides  an 
indication  of  the  quantity  of  refrigerant  in  the 
system  and  the  . , .  | presence)  of  moisture  in 
the  refrigerant. 

“When  electrical  power  is  applied,  the 
evaporator  solenoid  valve  opens,  allowing 
liquid  refrigerant  to  flow  through  the  motor- 
operated  valve  t**  the  evaporator  expansion 
valves.  The  motor-operated  valve  responds  to 
inputs  from  an  electronic  temperature  sensing 
circuit,  opening  and  closing  the  refrigerant 
lines,  (and  thus)  modulating  refrigerant  flow 
in  series  with  the  evaporator  expansion  valves 
to  maintain  evaporator  discharge  temperature 
at  73°  i  3°F. 

“Temperature  sensitive  expansion  valve 
sensor  bulbs  are  strapped  to  the  outlet  lines  of 
the  evaporator  coil.  As  the  temperature  at  the 
sensor  bulbs  increases,  the  expansion  valves 
open,  allowing  refrigerant  to  enter  the  evap¬ 
orator  coil. 

“Pressure  inside  the  evaporator  coil  is  kepi 
relatively  low  by  the  suction  of  the  icfrigcram 
compressor.  As  liquid  refrigerant  enters  the 
evaporator  from  the  expansion  valves,  it  is 
vaporized  by  the  low  internal  evaporator 
pressure.  The  heat  necessary  for  vaporization 
is  extracted  from  air  drawn  through  the 
evaporator  coil  by  the  evaporator  fan. 

“The  cooled  air  leaving  the  evaporator  coil 
is  supplied  to  the  area  or  equipment  requiring 
air  conditioning.  As  air  is  cooled  by  the 
evaporator  coil,  moisture  in  Ihe  air  is  con¬ 
densed  and  drained  off  through  drain  hoses. 

“Cool  refrigerant  gas  leaving  the  evaporator 
coil  returns  to  the  suction  side  of  the  com¬ 
pressor  and  the  cycle  is  repeated. 

“During  periods  of  operation  with  rela¬ 
tively  small  heat  loads  on  the  air  conditioner, 
insufficient  heat  for  refrigerant  vaporization  is 
drawn  from  the  evaporator  airflow.  Under 
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Figure  D-J.  Refrigerant  Flow  Diagram 


this  condition,  the  refrigerant  suction  pressure 
starts  to  drop  below  tolerance. 


“When  suction  presort;  decreases,  pressure 
sensing  tuoinf  connected  to  two  hot  gas 
bypass  valves  opera  tire  bypass  vs&res.  Warm, 
high  pressure  refrigerant  ps  fro®  Use  com¬ 
pressor  discharge  from  duv^uy  into  the  suc¬ 
tion  tine,  keeping  suction  pressure  above 
lower  limits. 


“One  Sutx&oa  of  the  cocJ  refrigerant  enter¬ 
ing:  the  suction  ride  of  the  compressor  is  to 
provide  cooissg  foe  the  comprcaor  motor. 
During  hot  gas  trypan  operetkm,  the  tempera¬ 
ture  of  the  suction  pa  increases,  respiting  in 
increased  compressor  internal  temperatures. 
The  sensor  bulb  of  the  quenching  expansion 
utis  relays  the  werior.  temperature  increases 
to  the  quenching  expansion  valve.  Liquid 
refrigerant  is  evaporated  into  the  suction  line, 
reducing  suction  temperature  to  within  toler¬ 
ance  during  bypass  operation.” 
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APPENDIX  E 

COLLECTIVE  PROTECTION  SYSTEM  (CPS) 
FOR  COMMAND  POST  VEHICLE* 


A  drawing  of  the  recommended  CPS  for 
the  88292  Expandable  Van  is  shown  in  Fig. 
E-L 

T  <  system  provides  mobile  protection  for 
equipment  inside  the  van,  plus  up  to  four 
persons  also  riding  inside.  To  accomplish  this, 
liner  (9)^  is  installed  permanently  in  the  van 
body,  and  a  gas  particulate  filter  unit  b 
installed  between  the  liner  and  the  shell  of  the 
van  at  (3).  Connection  to  the  outside  is  made 
through  pipe  (4);  discharge  from  the  filter 
unit  b  directly  to  the  interior  of  the  van  liner. 
FoSd  bars  (10)  are  provided  at  each  comer  to 
allow  the  liner  to  foJw  inward  with  the  van 
side  panels. 

liner  (9)  b  attached  to  air  lock  (15)  tar 
zippers  (14).  A  staircase  or  ramp  (19)  is 
installed  inside  this  air  lock.  In  most  cases, 
exvcnaon  (21)  will  be  appered  onto  air  lock 
(IS)  at  (20).  This  extension  allows  a  swing 
door  (24)  to  be  used  at  the  outer  end  of  the 
air  Sock,  as  well  25  at  the  inner  end  (13). 

For  Medical  Aid  Station  use,  and  perhaps 
for  Rest  and  Relief,  where  large  numbers  of 
troops  would  be  processed  through  the  van. 
the  anteroom  (2$)  would  be  attached  by 
zipper  (26).  This  tent-like  structure  is  sup¬ 


ported  by  external  frame  (27)  (shown  only  m 
part).  Door  (30)  b  a  (lap  door  tc  allow  rapid 
entry  witF  litter  cases.  Entry  (29)  is  necessary 
to  allow  Hap  door  (30)  to  hang  vertically  3rd 
seal  properly. 

Cables  (16)  attached  to  the  van  and  to  the 
door  frame  around  door  (24)  support  air  lock 
(£5)  when  the  system  »s  not  pressurized. 
Straps  (17)  are  provided  to  suspend  a  litter 
inside  the  air  lock  for  the  decontamination 
period.  Lamps  (18)  and  (28)  are  provided  to 
illuminate  the  air  lock  and  ante-room  respec¬ 
tively.  Telephone  jacks  at  the  control  station 
inside  the  van  (6),  inside  the  air  lock  <  22).  ana 
both  inside  and  outside  the  ante-room  (31) 
allow  communication  between  the  chambers. 

Control  of  air  flow  b  provided  by  control 
panel  (5)  connecting  to  valves  (12)  and  (23) 
through  cables  (8).  Power  is  abo  kd  through 
cable  (7)  to  externally  located  filter  umt  1 1 ). 
These  units  can  provide  the  flow  of  3ppro.\i- 
ns?tely  400  cfm  nqtsh-.d  for  use  of  the  van 
with  up  to  22  persons  inaide.  Air  from  this 
unit  b  supplied  to  the  distribution  duct  in  the 
roof  of  the  van  ( 11 )  via  a  flexible  duct  <  2).  An 
anti-backdtaft  valve  (32)  b  incorporated  to 
prevent  ingress  of  contaminants  into  the 
ante-^jm,  since  this  vahe  is  mechanical,  uo 
connection  to  the  control  system  »  required. 
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GLOSSARY* 


A  bwrpiion  A  process  whereby  a  material 
c  tracts  one  or  more  substance*  present  in  an 
atmoiphcre  or  mixture  of  gases  or  liquids , 
accompanied  by  physical  change,  chemical 
change,  or  both,  of  the  material. 

Activated  Aiumsm.  A  form  of  aluminum 
oxide  which  adsorbs  moisture  readily  and  is 
used  as  a  drying  agent. 

Activated  (drbon.  A  form  of  carbon  made 
porous  by  special  treatment  by  which  it  is 
capable  of  adsorbing  various  odors,  anes¬ 
thetics.  and  other  vapors. 

Adsorption.  Thc  action,  associated  with  sur¬ 
face  adherence,  of  a  material  in  extracting  one 
or  more  substances  present  in  an  au^^pfcere 
or  mixture  of  gases  and  liquids,  unac¬ 
companied  by  physical  or  chemical  change. 
Commercial  adsorbent  materials  have  enor¬ 
mous  internal  surfaces. 

Air.  ArrJbicnt.  Generally  speaking,  the  air 
surrounding  an  object. 

.-4i>  Gradation.  Natural  or  imparted  motion 
of  air. 

Air  Conditioner.  An  assembly  of  squipmeitt 
lor  the  control  of  at  least  the  first  three  items 
enumerated  in  the  definition  of  air  condi¬ 
tioning. 

Air  Conditioning.  The  process  of  treating  air 
so  as  to  control  amulianeousSy  its  tempera¬ 
ture,  humidity,  cleanliness,  and  distribution 
to  meet  the  requirements  cf  the  conditioned 
space. 

Air  Cooling.  Reduction  in  air  temperature 
due  to  the  abstraction  of  heat  as  a  result  of 
contact  with  a  medium  held  at  a  temperature 
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lower  than  Uiat  of  the  air.  Cooling  may  be 
accompanied  by  moisture  addition  (evapora¬ 
tion),  by  moisture  extraction  (dehumidifica¬ 
tion),  or  by  no  change  whatever  of  rooi&iure 
content. 

Al  Outdoor.  Air  taken  from  outdoors  and. 
therefore,  no?  previously  circulated  through 
the  system. 

Air.  Satierated.  Moist  air  in  which  the  pamaS 
presume  of  the  water  vapor  a  equal  to  the 
vapor  pressure  of  water  at  the  existing  tem¬ 
perature.  This  occurs  when  dry  air  and  satu¬ 
rated  water  vapor  coexist  at  the  same  dry- 
bulb  temperature. 

British  Tnermzi  Unit  IBtui.  The  Btu  is  de¬ 
fined  as  778.177  foot-pounds.  Approxi¬ 
mately,  it  is  the  heat  required  raise  uu 
temperature  of  a  pound  of  water  from  59“  to 
60°  F. 

Calorie.  Heat  required  to  raise  tire  tempera¬ 
ture  of  1  gram  cf  water  1°C,  actually  from  4“ 
to  5°C.  Mean  calone  ~  I  100  part  of  the  heat 
required  to  raise  1  gram  of  water  from  0'  to 
100°C 

ColiectU'e  Protection.  The  protection  of  an 
area  and/or  one  or  more  personnel  from  joxk 
agents  used  in  ChemicarBiolopcal  warfare 
without  use  of  individual  protection  equip¬ 
ment 

Condenser  A  vessel  or  arrangement  of  pipe 
or  tubing  m  which  a  vapor  is  liquefied  b> 
removal  «f  heat. 

Decibel.  A.  unit  used  to  express  the  relation 
between  t  wo  amounts  of  power.  By  definition 
the  difference  in  decibels  between  two 
powers  T,  and  P2 .  P2  being  She  larger,  is  dB 
difference  -  10  logt0(P:fPtl.  Used  m  acous¬ 
tics. 

Dew  Point.  See  Temperature.  Dew- Pmru 
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EmmMty.  111?  capacity  of  a  material  to  emit 
radiant  energy  Emitianee  is  the  ratio  of  the 
tola!  radiant  flux  emitted  by  a  body  to  that 
emitted  by  an  ideal  blatkbody  at  the  same 
temperature. 

Enthalpy.  Therraodysarsic  property  of  a  sub¬ 
stance  defined  as  the  sum  of  its  internal 
energy  plus  the  quantity  Pv/J.  where  P  - 
pressure  of  the  substance,  r  a  its  volume,  and 
J  ™  ttrv  siechamcal  equivalent  of  heat.  For¬ 
merly  called  by  the  obsolescent  names  iotd 
heat  and  heat  content. 

Evaporator.  That  part  of  a  refrigerating  sys¬ 
tem  in  which  refrigerant  is  vaporized  to 
produce  refrigeration. 

Exfiltmtion.  An  flow  outward  through  a 
wait  t**k.  membrane,  etc. 

Failure  Rate  The  number  of  failures  of  an 
item  per  url  measure  of  Life  (cycles,  time, 
miles,  events,  etc.,  as  applicable  for  the  item). 

Heat.  Latent.  Change  of  enthalpy  during  a 
change  of  state  With  pure  substances,  latent 
heat  is  absorbed  or  rejected  3t  constant 
pressure. 

Heat.  Sensible.  Heat  which  is  associated  with 
a  change  in  temperature;  specific  heat  ex¬ 
change  of  temperature;  in  contrast  to  a  heat 
interchange  in  which  a  change  of  state  (latent 
heat)  occurs. 

Heat  Pump.  A  refrigerating  system  employed 
to  transfer  heat  into  a  space  or  substance.  The 
condenser  provides  the  heat  wink  the  evapor¬ 
ator  ss  arranged  to  pick  up  heat  from  air, 
water,  etc.  B>  shifting  the  flow  of  air  or  other 
fluid  a  heat  pump  system  may  also  be  used  to 
cool  the  space. 

Hertz  One  hertz  (Hz)  equals  S  cps  (adopted 
try  i'nz  Cc^ersl  Conference  ca 

Weights  and  Measures  m  Paris,  October, 
i960). 

Horsepower  Unit  of  power  in  foot-pound- 
second  system,  work  done  at  the  rate  of  550 


ft-lb  per  me,  os  33,(850  ft-lb  per  min. 

Humidify.  To  add  water  vapor  to  the  atmos¬ 
phere;  to  add  water  vapor  cr  moisture  to  any 
material. 

Humidity  Ratio,  Weight  of  water  vapor 
(steam)  associated  with  one  lb  weight  of  dry 

aar. 

Humidity.  RtUzitie.  The  ratio  of  the  mol 
fraction  of  water  vapor  present  in  the  air,  to 
the  mol  fraction  of  water  vapor  present  in 
saturated  air  at  the  same  temperature  and 
barometric  pressure,  approximately,  it  equals 
the  ratio  of  the  partial  pressure  or  density  of 
the  water  vapor  in  the  air.  to  the  saturation 
pressure  or  density,  respectively,  of  water 
vapor  at  the  same  temperature. 

Inch  of  Water  A  unit  of  pressure  equal  to  the 
pressure  exerted  by  a  ccfeumn  of  hqusd  water 
I  in.  high  at  a  temperature  of  4eC  or  39.26F. 

Infiltration.  Air  flowing  mward  as  through  z 
wag.  crack,  etc. 

Load.  Estimated  Design  in  a  hearing  or 
cooling  system,  the  sum  of  the  useful  heat 
transfer,  plus  heat  transfer  from  or  to  the 
connected  piping  and  ductwork,  plus  heat 
transfer  occurring  in  any  s«*gkury  apparatus 
connected  Jo  the  system. 

Maintainability.  A  characteristic  of  design 
and  installation  which  is  expressed  as  the 
probability  that  an  item  will  be  retained  in  or 
restored  to  a  specified  condition  within  a 
given  period  of  time,  when  the  maintenance  is 
performed  to  accordance  *>%;h  prescribed  pro¬ 
cedures  and  resources. 

Mean-Mein  tenancc-Tlme  The  total  preven¬ 
tive  and  corrective  rramten-n"  time  divided 
by  the  total  number  of  preventive  and  correc¬ 
tive  maintensr  e  actions  during  a  specified 
period  of  time, 

Mean-Tcme-Betwecn-Fatlurrs  IMTBF).  For  a 
particular  interval,  the  total  functioning  life 
of  a  population  of  an  item  dhided  by  the 
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total  buses'  of  fs&ires  mHun  the  population 
during  the  me**ts®ftient  interval.  The  dcS.Qj- 
tion  fields  for  time,  cycles,  naks,  events,  or 
other  measure  of  life  units. 

Mean-Time-To-Repair  (MTTRl.  The  total 
corrective  raantetsmee  time  divided  by  the 
total  number  of  malfunction  during  a  green 
period  of  time. 

Mechmias!  Equieslent  of  Heat  Ac  energy 
conversion  ration  of  778.  I  77  ft-ib  *  1  Btu. 

Mmobar,  Dyne  pet  Square  Centimeter.  A 
unit  of  pressure  commonly  used  is  acoustics. 
One  nscTobar  is  equal  to  i  dye;  per  squsre 
centimeter. 

Micron.  A  unit  of  length,  the  Ihoysandlh  part 
of  1  sun  or  the  ssUamth  of  a  meter. 

Mission  Time.  The  period  of  time  in  which  an 
item  must  perform  a  specified  mission. 

Motile  Unit.  A  facility  which  can  be  m&¥cti 
from  one  kx*k  to  another  with  very  little 
time  and  effort  its  many  cases  the  unit  is 
mounted  directly  on  a  motor  vehicle,  and  can 
be  readied  for  transport  in  a  few  hours. 

Module  An  assembly,  forming  part  cf  a 
larger  assemblage,  vvhich  is  designed  for  com¬ 
plete  replacement  as  a  unit.  Hence,  the  terra* 
modular  unit,  modular  construction,  modular 
maintenance,  modular  design,  etc 

Radiation,  Thermal  (Heat).  Tbs  transmission 
of  energy  by  means  of  electromagnetic  waves 
of  very  long  wavelength  eg,,  solar  radiation. 
Radiant  energy  of  say  wavelength  may,  when 
absorbed,  become  thermal  energy  and  result 
in  an  increase  in  the  temperature  of  the 
absorbing  body. 


Refrigerant  The  working  fluid  in  a  refrigera¬ 
tion  cyde,  absorbing  heat  from  a  reservoir  at 
low  temperatore  and  rejecting  heat  at  a  holier 
temperature. 

Refrigerating  System,  Absorption.  A  refrig¬ 


erating  system  in  which  the  refrigerant  gas 
evolved  in  the  evaporate?  is  taken  up  in  an 
absorber  and  released  in  a  generator  upon  the 
application  of  heaic. 

Reliability.  The  probability  of  a  device  per¬ 
forming  its  purpose  adequately  for  the  period 
of  time  intended  under  the  operating  condi¬ 
tions  encountered.  Fof  a  system  with  inde¬ 
pendent  components,  the  overall  reliability  is 
based  on  the  product  of  the  individual  relia¬ 
bilities;  e.g..  three  independent  components 
with  a  90*3  reliability  each  will  has  c  an  overall 
reliability  of  0.9  x  0.9  x  0.9  or  72.9'' 
Similarly,  ISO  components  sash  a  99' i  re- 
iubihiy  each  will  have  an  overall  reliability  of 
only  36.5<3. 

Sound  Pressure  Level.  The  sound  pressure 
level,  in  decibels,  of  a  sound  is  20  times  the 
logarithm  to  the  base  10  of  the  ratio  cf  the 
pressure  of  this  sound  to  the  reference  pres¬ 
sure.  The  reference  pressure  shall  be  explicitly 
stated. 

Speech  Interference  Level  (SI Li  The  speech 
m?sjfc5cncc  level  of  a  noise  is  the  average,  in 
decibels,  of  the  sound  pressure  levels  of  the 
nose  in  the  three  octave  bands  of  frequency 
600-1200.  12G0-2400.  and  2400-4800  cp*. 

Temperature,  Cm-Point,  The  temperature  at 
which  the  condensation  of  water  sapor  m  a 
space  begins  for  a  given  state  of  humidity  -  5 
pressure  as  the  temperature  ot  the  vapoi  a> 
reduced.  The  temperature  corresponding  to 
saturation  <100  percent  relative  humidity  \  for 
a  given  absolute  humidity  at  constant  pres¬ 
sure. 

Temperature.  Dr\-h;itK  The  temperate,  of 
a  gas  or  mixture  ot  gases  indicated  by  an 
accurate  tftermometci  after  , orrcctson  for 
radiation. 

Temperature.  Effective  An  arbitrary  index 
which  combines  into  a  single  value  the  effect 
of  temperature,  humidity,  and  air  movement 
on  the  sensation  of  warmth  i,i  cold  felt  by  the 
human  body.  The  numcrHa!  value  is  that  of 
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the  tessperafestt:  of  stM,  saturated  sir  which 
would  induce  an  idtatkai  *cms£k>s. 

Temperature.  Wet-Bulb.  Therraodyiwmc 
we2“bulb  tcffi^tristiire  it  She  temperature  at 
which  liquid  or  sohd  wster,  by  evaporating 
into  air,  can  fating  d»  air  to  saturation 
adttbatica&y  at  the  sane  tnapatiwe.  Wet- 
bulb  temperature  (without  qualification)  is 
the  temperature  indicted  by  a  wet-bolb 
psyduometer  constructed  and  used  according, 
to  specification*. 

Throw.  The  horizontal  or  vertical  asM  dis¬ 
tance  an  ai»  stream  travels  after  leaving  an  air 
outlet  before  the  maatmum  reream  velocity  is 
reduced  to  s  soedtied  ieaadtal  level,  r^g., 
200, 150,  100,  or  SO  fp®. 

Time.  Down  { Downtime l  That  densest  of 
time  during  which  the  ileia  »  oot  in  condition 
to  perform  its  intended  function. 

Ton  of  RefritetKSiotL  A  useful  refrigerating 
effect  equal  to  i  2,000  Bfc*  per  hr,  200  Btu 
per  rain. 

Tmamittmce,  Thermal  ( U  rector).  The  time 


rate  of  heat  Sow  per  trait  area  antis?  a*esdy 
conditions  from  the  fluid  on  the  vmxmiMt  of 
a  hastier  to  the  fluid  css  Site  cold  ale,  per  unit 
tcvspcr&am  cSifference  between  the  two 
fhuds, 

Tnstsportabk  Unis.  A  facility  generally  de¬ 
signed  to  be  brought  to  a  pvee  tocatiew  aad 
remain  for  months  at  a  time.  Considerably 
more  time  and  effort  ate  needed  to  crepKc  a 
transportable  mat  than  to  prepare  a  mobile 
teat  for  «iapmcnt  to  a  aew  fecsSty.  For 
si ample,  a  unit  suppled  with  retractable 
wheel  aaeerab&es  (for  Iocs!  poattioemg).  but 
which  wseds  a  Sat  bed  truck  for  transporting 
to  s?w  arras  over  several  ratics  away,  is 
coaskScird  transpcrubic. 

U  Factor.  See:  fnnsmtttemce,  Thermal. 

VentMetion.  The  process  of  supplying  at  re¬ 
moving  air,  by  natural  or  mechanical  means, 
to  or  from  any  space.  Such  air  may  or  may 
not  have  been  conditioned. 

Volume,  Specific.  The  volume  of  a  substance 
per  unit  mass;  the  reciprocal  of  density. 
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AML 

Arm/  Ma^erid  Command 

HEL 

Human  Eopneering  Laboratories 

CB 

CSsnnrrti-BioiogicJs 

MTSF 

Sfeffit-Time-Between-Fafltiies 

C8R 

Chei»k^3k^ogtcaFl(adic4cifl^ 

MTTBM 

Mean-Tlme-Betwe^ji-MaiBteRaace 

CP 

CoBeetm:  Protection 

vrm 

Mean-Tinve-T ©■  Repair 

CPF. 

DA 

CoSective  Protection  Equipment 

Department  of  the  Army 

QMDO 

Qualitative  Materiel  Development 
Objectives 

ECU 

Environmental  Control  Unit 

QMR 

Qualitative  Materiel  Requirements 

GED 

GasotiM-EagKC-Daven 

SDR 

Small  Development  Requirements 

GFFU 

Ga»PartkuLite  Filter  Unit 

SPL 

Sound  Pressure  Level 
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AMCP  706- 12C 

DEPARTMENT  OF  THE  ARMY 

HEADQUARTERS  UNITED  STATES  ARMY  MATERIEL  COMMAND 
5001  Eisenhower  Ave ,  Alexandria,  VA  22333 

AMC  PAMPHLET  19  June  1974 

No.  706-120 
CHANGE  1 

Engineering  Design  Handbooks 
CRITERIA  FOR  ENVIRONMENTAL  CONTROL  OF  MOBILE  SYSTEMS 

AMCP  706-120,  Engineering  Design  Handbook,  Criteria  for  Environmental 
Control  of  Mobile  Systems,  16  September  1971,  is  changed  as  follows: 

a.  Paragraph  4-5(1),  page  4-4,  is  changed  to  read: 

(1)  Mission  reliability*  of  95  percent  with  a  mission 
time  of  24  hr  with  a  90  percent  confidence 

b.  Paragraph  4-5(2),  page  4-4,  is  changed  to  read: 

A  mean- time-between- failures*  of  480  hr  with 
90  percent  confidence 

(AMCRD-TV) 
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